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'f lic  w o rk  on  w hich  th i s  d i s s e r t a t i o n  is b a s e d  w as  in i t ia te d  s e v e r a l  
y e a r s  ago  a s  a p r o j e c t  fo r  S he ll  D e v e lo p m e n t  C o m p a n y ,  A D iv is io n  of Shell  
O il C o m p a n y ,  w h i le  I w as  in t h e i r  em p lo y  a s  a r e s e a r c h  g e o lo g is t .  E x te n ­
s iv e  r e v i s i o n  o f  th e  o r ig in a l  r e p o r t  p r e p a r e d  Tor f&iell D e v e lo p m e n t  Co,
(Shell K i l l  P u b l ic a t io n  a m p l i f i c a t io n  of m o r e  r e c e n t  c o n c e p ts ,  and
in v e s t ig a t io n s  o f  a d d i t io n a l  a s p e c t s  h a v e  b e e n  done  by m e w h ile  in r e s i d e n c e  
a t L o u is ia n a  S ta te  C n iv o r s i t v ,  B aton  R o u g e ,  L o u is ia n a .
T h is  d i s s e r t a t i o n  is  in ten d ed  to  b e  u s e d  a s  a m a n u a l  by s t r a t i g r a p h e r s , 
s c d im e n lo l o g m ts  and p e t r o l o g i s t s  fo r  th e  id e n t i f i c a t io n  of fo s s i !  f r a g m e n t s  
in r o c k  th in  s e c t i o n s  and p o l i s h e d  ro c k  s a m p l e s .  The c r i t e r i a  on w hich  the  
id e n t i f i c a t io n  p r o c e d u r e s  a r e  b a s e d  a r e  s e l e c t e d  to  allow the  g e o lo g is t ,  
not e s p e c i a l l y  t r a i n e d  a s  a p a l e o n to lo g i s t ,  to  m a k e  id e n t i f i c a t io n  of m o s t  
i n v e r t e b r a t e  f o s s i l s  a t th e  p h v lu m  ant i  c l a s s  l e v e l s .  S om e g ro u p s  s u c h  a s  
c a l c a r e o u s  a lg a e  a n d  Ib -o to /o a  r e q u i r e  s p e c ia l  p r e p a r a t i o n  te c h n iq u e s  beyond  
the n o r m a l  a b i l i t i e s  of th e  n o n - s p e c i a l i s t ,  c o n s e q u e n t  I v , th e s e  g ro u p s  a r e  
not in c lu d e d ,  A few o th e r  g ro u p s  a r e  so  r a r e  as  f o s s i l s  that th e y  a l s o  
a r e  e x c lu d e d ,  F o r  s p e c ia l  s tu d ie s  of f o s s i l  a lg a e  r e f e r e n c e  c a n  b e  m a d e  to 
th e  many w e l l - i l l u s t r a t e d  p u b l i c a t io n s  of ,1, H a r la n  J o h n s o n ,  p a r t i c u l a r l y  
.Johnson ( l y t i l i .  F o r  s o c i a l  s tu d ie s  of the  wall s t r u c t u r e  and  m in e r a lo g y  of 
F o r n m t n i f e r a , r e f e r e n c e  c a n  b e  m a d e  to Ix teb lu  h and  T ap p a n  (lfMit).
T h e  tex t and  p la te s  a r e  a r r a n g e d  in s e c t i o n s ,  a lp h a b e t ic a l ly  bv phy lum
IV
and  c l a s s .  E a c h  s e c t i o n  of th e  te x t  c o n ta in s  a g e n e r a l i z e d  d e s c r i p t i o n  o f  
th e  o r g a n i s m s  in th a t  g ro u p ,  to g e th e r  w ith  d e s c r i p t i o n s  of m o rp h o lo g ic  
f e a t u r e s  and  m i c r o e t r u c t u r e s  w h ich  w ill  a id  in th e  r e c o g n i t io n  of th e  
o r g a n i s m s  f ro m  f r a g m e n t s  e x p o s e d  in th in  s e c t i o n .  M o re  c o m p le te  d e s c r i p ­
t io n s  of i n v e r t e b r a t e  m o rp h o lo g y  c a n  be  found In T h e  G e o lo g ic a l  S o c ie ty  of 
A m e r i c a  T r e a t i s e  on  I n v e r t e b r a t e  Pa Icon to logy p u b l i s h e d  by the  U n iv e r s i ty  
of K a n sa s  P r e s s ,  O th e r  s e l e c t e d  r e f e r e n c e s  on s h e l l  m in e ra lo g y  ami m i c r o ­
s t r u c t u r e  a r e  l i s t e d  in the  b ib l io g r a p h y .
T h e  p l a t e s  in c lu d e  id e a l iz e d  d r a w in g s  of c o m m o n  m i c r o s t r u c t u r e s  ami 
o r g a n i s m s  ami a r e  in ten d ed  to s lu m  g e n e r a l  c h a r a c t e r i s t i c s  of the  m a jo r  
p h y la  of f o s s i l  i n v e r t e b r a t e s .  T h e  p h o to m ic r o g r a p h s  of th in  s e c t io n s  and 
a c e t a t e  p e e l s  hav e  b e e n  s e l e c t e d  to  i l l u s t r a t e  s k e l e t a l  m o rp h o lo g y  and 
m i c r o s t r u c t u r e s  in o r ie n t e d  and ra n d o m  cu ts  th ro u g h  as  m anv  g ro w th  f o r m s  
a s  p r a c t i c a b l e .  W ith only  a few e x c e p t io n s ,  th e  o r g a n i c  f r a g m e n t  i l l u s t r a l e d  
ca n  he id e n t if ie d  at the  p hy lum  lev e l  f ro m  th e  f e a t u r e s  in th e  f ie ld  of view .
None of th e  f o s s i l s  u s e d  for i l l u s t r a t i o n  is  a ty p e  s p e c im e n .  The 
s t r u c t u r e s  w h ich  a r e  show n  a r c  found in s p e c im e n s  w hich  h av e  b e e n  id e n t i ­
fied  a s  a  s p e c i e s ,  g e n u s ,  o r  fa rm lv  f ro m  w hole  s k e le to n s  b e f o r e  th in -  
a e r t i n n in g .  A s p e c i f i c ,  g e n e r i c ,  o r  f a m i ly  n a m e  a c c o m p a n y in g  th e  e x p la n a t io n  
of a p h o to g ra p h  is u s e d  only for r e f e r e n c e  and d o e s  not n e c e s s a r i l y  im p ly  th a t  
i d e n t i f i c a t io n s  c a n  b e  m a d e  at th e s e  ta x o n o m ic  le v e ls  f ro m  th e  f e a t u r e s  i l l u s ­
t r a t e d  in th e  f ig u r e .  L e t te r  - n u m b e r  symbol** in the  c a p t io n s  r e f e r  to th in  
s e c t i o n s  in th e  a u t h o r ’s c o l le c t io n ,
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A B S T R A C T
M any m a r i n e  i n v e r t e b r a t e s  w h ich  a r e  r e c o g n i s a b l e  a s  f r e e ,  w hole  s p e c i ­
m e n s  b e c o m e  u n f a m i l i a r  to  th e  o b s e r v e r  w hen on lv  p o r t i o n s  of t h e i r  s k e le to n s  
a r e  s e e n  in th in  s e c t i o n .  A v a r i e ty  of s h a p e s  a r e  p r o d u c e d  b y  r a n d o m  c u ts  
th ro u g h  a  s in g l e  g e o m e t r i c  p a t t e r n ,  and  s h a p e s  c a n  b e  d u p l i c a te d  in s u c h  r u t s  
by d i f f e r e n t  d e s i g n s .  A lso ,  c h a r a c t e r i s t i c  f e a t u r e s  m a y  be  o b s c u r e d  and  o th e r s  
m a y  b e c o m e  a p p a r e n t  w hen  only  f r a g m e n t s  of th e  s k e l e t o n  a r e  e x p o s e d  in one  
p l a n e .
in th i s  d i s s e r t a t i o n ,  g e n e r a l  d e s c r i p t i o n s  and  i l l u s t r a t i v e  d i a g r a m s  of 
s k e le t a l - m o r p h o lo g y ,  m in e r a lo g y ,  ami m i c r o s t r u c t u r e  a r e  g iv e n  fo r  s o m e  of 
the  m a jo r  a n im a l  ph v ln .  T h e  p e t r o g r a p h y  of th e  s k e l e t a l  m a t e r i a l  is  i l l u s ­
t r a t e d  by p h o to m ic r o g r a p h s  of K eeen t and fo s s i l  e x a m p l e s .  A lthough  it is not 
r e c o m m e n d e d  th a t  th e  p r e s e n t  r e p o r t  be  u s e d  to  id e n tify  o r g a n ic  p a r t i c l e s  
p o s i t iv e ly  at f a m i ly  o r  lo w e r  l e v e l s .  It sh o u ld  e n a b le  p e t r n g r a p h o r s  and 
o th e r s  who e x a m in e  s a m p l e  m a t e r i a l  of th is  ty p e  to m a k e  te n ta t i v e  c l a s s i f i ­
c a t io n  of l a r g e  n u m b e r s  of s k e le to n s  now d e s c r i b e d  a s  " s h e l l  f r a g m e n t s "  o r  
s i m i t a r  ties  igna t i o n s ,
XVII
INTRODUCTION
M any s e d i m e n t a r y  s t r u c t u r e s ,  d e p o s i t io n s !  t e x t u r e s ,  s a d  p a r t i c l e s  
o b s e r v e d  in c a r b o n a te  r o c k s  a r e  r e l a t e d  to  th e  p r e s e n c e  o r  a c t iv i t y  of 
o r g a n i s m s .  S o m e  l i m e s t o n e s  a r e  c o m p o s e d  p r e d o m in a n t ly  of o r g a n ic  
p a r t i c l e s ,  m any  of w h ic h  a r e  a l m o s t  c o m p le t e  s k e le to n s
G e n e r a l ly ,  a  l a r g e r  n u m b e r  a n d  v a r i e ty  of o r g a n ic  s k e le to n s  a r e  
a p p a r e n t  in th in  s e c t i o n s  a n d  on s m o o th  ro c k  s u r f a c e s  th a n  a r e  v is ib le  on 
f r a c t u r e d  s u r f a c e s  o r  can  be  r e m o v e d  f r o m  th e  m a t r ix .  In o r d e r  to  im p ro v e  
th e  p r e c i s i o n  of r e c o r d i n g  c a r b o n a te  r o c k s  fo r  b e l t e r  i n t e r p r e t a t i o n  of t h e i r  
h i s to r y ,  it is s o m e t i m e s  n e c e s s a r y  to  c l a s s i f y  t h e s e  r e m a i n s  a s  to  o r ig in .
B e c a u s e  th ey  a r e  a c o m m o n  c o m p o n e n t  of m o s t  c a r b o n a t e  r o c k s ,  o r g a n ic  
s k e le to n s  a l s o  have  v a lu e  a s  p a r a m e t e r s  an d  a d je c t iv a l  m o d i f i e r s  in n a m in g  
and  d i s t i n g u i s h in g  d i f f e r e n t  rock, ty p e s  a t one  o r  m o r e  l e v e l s  of r o c k  c l a s s i f i ­
c a t io n .  T h is  is  a p p a r e n t  in m o s t  of th e  c a r b o n a t e  r o c k  c l a s s i f i c a t i o n s  r e c e n t ly  
s u m m a r i z e d  in H am  (1962)
W hen found in p la c e ,  s k e le t o n s  of o r g a n i s m s  known to  occu p y  a r e s t r i c t e d  
h a b i ta t  c a n  be  u s e d  to  d e t e r m i n e  th e  e n v i ro n m e n t  of d e p o s i t io n  of th e  e n c lo s in g  
s e d im e n t  o r ,  d i s t i n c t i v e  s u i t e s  of o r g a n ic  r e m a i n s  w h ich  have  l im i t e d  s t r a t i -  
g r a p h ic  d i s t r i b u t io n  p r o v id e  a  m e a n s  of lo n in g  and  c o r r e l a t i n g  lo c a l  g e o lo g ic  
s e c t i o n s  E x a m p le s  of how t h i s  h a s  b e e n  done  f ro m  s tu d y  of th in  s e c t i o n s  a r t ;  
show n  by C u v i l l l e r  (1951, 1956), Magn (1955), Rev  and  N ouet (1956) an d  o th e r  
c o n t r i b u t o r s  to  T h e  In te rn a t io n a l  S e d im e n ta ry '  P e t r o g r a p h t e a l  S e r i e s
A lthough  the  id e n t i f i c a t io n  of a  g en u s  o r  s p e c i e s  is  r a r e l y  p o s s i b l e  f ro m  
ra n d o m  c u t s  th ro u g h  a w ho le  s k e le to n  of a r o a c r o f o e s i l ,  t r a i n e d  o b s e r v e r s  can
s o m e t i m e s  m a k e  a t e n ta t i v e  a s s i g n m e n t  to  fa m i ly  o r  o r d e r  and  c a n  u s u a l ly  
Iden tify  th e  r e m a i n s  a s  to  c l a s s  o r  p h y lu m .  U n d e r  id e a l  c o n d i t io n s  of p r e s ­
e r v a t io n  it Is o f ten  p o s s i b l e  to  m a k e  th i s  a s s ig n m e n t  f r o m  f r a g m e n t s  no 
l a r g e r  th a n  o n e - m i l l i m e t e r  in d i a m e t e r .
T h e  a s s ig n m e n t  of an  o r g a n ic  f r a g m e n t  to  any  ta x  on is  s u b je c t  to  a 
n u m b e r  of i n t e r r e l a t e d  f a c t o r s .  T h e  m o r e  im p o r ta n t  of th e s e  a r e  (1) th e  
p r e s e r v a t i o n  of the  o r g a n ic  m a t e r i a l ,  (2) a  f o r tu i to u s  cu t  w h ich  d i s p la y s  
s o m e  d ia g n o s t i c  f e a t u r e  of th e  s k e le to n ,  (3) th e  u n iq u e n e s s  of th a t  f e a t u r e  
o r  i t s  c o in c id e n c e  w ith  s o m e  un it  in th e  s c h e m e  of c l a s s i f i c a t i o n ,  and  (4) the 
o b s e r v e r ’s f a m i l i a r i t y  w ith  th e  m o rp h o lo g y ,  m i n e r a l  c o m p o s i t io n ,  and  m i c r o -  
s t r u c t u r e  of o r g a n ic  m a t e r i a l  T he  f i r s t  t h r e e  f a c t o r s  can n o t  be  c o n t ro l le d ,  
the  fo u r th  Is a  m a t t e r  of t r a i n in g  and  e x p e r i e n c e
C o m p o s i t io n  of O rg a n ic  M a te r ia l
T h e  o r ig in a l  c o m p o s i t io n  of th e  s k e le t o n s  of th e  m a j o r  a n im a l  p h y la  Is 
l i s t e d  i n  T a b le  I, a n d  s o m e  r e l a t i o n s h ip s  of c o m p o s i t io n  to the  s t r u c t u r e  of 
th e  s k e le to n  and  to  ta x o n o m y  a r c  d i s c u s s e d  u n d e r  e a c h  s e c t io n  of th e  te x t .
Only c a l c iu m  c a r lx m a te  (u s u a l ly  in th e  fo rm  of e a l c i t e  o r  a r a g o n i t e ) ,  s i l i c a  
(u su a l ly  in the  fo rm  of q u a r t / ,  o r  opa l) ,  and  c a l c iu m  p h o s p h a te  (u su a l ly  in 
th e  fo rm  of c e l lo p h a n e )  a r e  of im p o r ta n c e ,  in a sm u c h  a s  th e s e  a r e  th e  p r e ­
d o m in a n t  c o n s t i t u e n t s  w h ich  a r e  d i s c e r n i b l e  u n d e r  th e  m i c r o s c o p e  O rg a n ic  
c o m p o u n d s  s u c h  a s  e h i t in ,  c o n c h io l in ,  and  ap o n g in  a r e  c o m m o n ,  bu t they  
a r e  r a r e l y  p r e s e r v e d  in o ld  f o s s i l s  an d  u s u a l ly  can n o t  be  d e t e r m i n e d  w ith  
c e r t a i n t y  in R e c e n t  s p e c im e n *  u n l e s s  a c h e m ic a l  a n a l y s i s  is m a d e .  W hen 
s e e n  in th in  s e c t i o n s  of f o s s i l  m a t e r i a l ,  the  d e c o m p o s e d  o r g a n ic  com pound*
u s u a l ly  a p p e a r  a s  d e n s e ,  f in e ly  g r a n u l a r  f i l m s  of o p aq u e  m a t e r i a l  c o a t in g  
t h e  e x t e r i o r  of a  s h e l l  o r  a s  l a y e r s  of o p a q u e  m a t e r i a l  i n t e r c a l a t e d  w ith  
o t h e r  m i n e r a l s  of th e  s k e l e t o n s .
T h e  d i s t r i b u t i o n  of m i n e r a l s  and  m i n e r a io i d s  a m o n g  th e  I n v e r t e b r a t e  
g r o u p s  is  c o n t r o l l e d  m a in ly  by h e r e d i ty  and  by a v a i l a b l e  s k e l e t a l  b u i ld in g  
m a t e r i a l s .  In th e  c a s e  of th e  c a r b o n a te  m i n e r a l s ,  th e  p r o p o r t i o n  of c a lo t te  
and  a r a g o n i t e  in th e  o r ig in a l  s k e le to n  is s o m e t i m e s  c o n t r o l l e d  by e n v i r o n ­
m e n ta l  f a c t o r s  s u c h  a s  t e m p e r a t u r e  and  s a l i n i ty  (L o w e n s ta m ,  1954a, 1954b, 
1954c, Dodd 1963). No d i s t i n c t io n  is  m a d e  h e r e  b e tw e e n  g ro u p s  w h ich  a r e  
c o n t r o l l e d  only  by  h e r e d i t y  a n d  th o s e  w hich  a r e  c o n t ro l l e d  by e n v i ro n m e n t .  
T h e  t a b l e s  l i s t  th e  f a m i l i e s  and  h ig h e r  ta x o n o m ic  u n i t s  in w h ich  s o m e  o r  all 
s p e c i e s  of th e  g ro u p  a r e  know n to  c o n ta in  th e  m i n e r a l s  in t h e i r  h a r d  p a r t s .
T h e  m o s t  c o m m o n  m i n e r a l s  of i n v e r t e b r a t e  s k e le to n s  a r e  c a l c i t e  and 
a r a g o n i t e .  S o m e  i n v e r t e b r a t e s  p ro d u c e  s k e l e t o n s  c o m p o s e d  e n t i r e l y  of c a l ­
c i t e .  s o m e  p r o d u c e  s k e le to n s  c o m p o s e d  e n t i r e ly  of a r a g o n i t e ,  and  a few 
p r o d u c e  s k e le to n s  c o m p o s e d  of both  c a l c i t e  and  a r a g o n i t e .  In s p e c im e n s  in 
w h ich  c a l c i t e  and  a r a g o n i t e  o c c u r  to g e th e r ,  e a c h  m in e r a l  f o r m s  a  d i s c r e t e  
l a y e r  o r  p a r t  of th e  s k e le to n .  U n le s s  the  a r a g o n i t e  is  in the  p r o c e s s  of 
in v e r s io n  to  c a l o t t e ,  th e  tw o m i n e r a l s  a r e  no t m ix ed  t o g e th e r  in th e  s a m e  
p a r t  o r  l a y e r .  In R e c e n t  an d  u n a l t e r e d  f o s s i l  s p e c im e n s ,  c a l c i t e  and  a r a g ­
o n i te  c a n  be  d i s t i n g u i s h e d  by th e i r  o p t ic a l  p r o p e r t i e s  o r  by s e l e c t i v e  s t a i n s .  
A u se fu l  s t a in  f o r  th e  d e t e r m in a t io n  of a r a g o n i t e  h a s  b e e n  d e s c r i b e d  (F e ig i ,  
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In o ld  f o s s i l  s p e c i m e n s ,  th e  o r ig i n a l  c o m p o s i t io n  o f  th e  s k e le to n  m a y  
b e  i n f e r r e d  f ro m  an  a n a ly s i s  o f  i t s  p r e s e n t  t e x t u r e .  T h e  o r ig i n a l  c o m p o s i t io n  
of a p a r t  of the  s k e l e t o n  is  p r e s u m e d  to  h a v e  b e e n  c a l c i t e  if th a t  p a r t  c o n ta in s  
a m i c r o s t r u c t u r e  w h ich  is  c o n s i s t e n t ly  r e p r o d u c e d  in r e l a t e d  s p e c i m e n s  f ro m  
d i f f e r e n t  l o c a l i t i e s  o r  in r e l a t e d  s p e c i m e n s  o f  d i f f e r e n t  a g e .  An o r ig in a l  a r a g -  
o n it i- '  c o m p o s i t io n  is  p r e s u m e d  fo r  th o s e  s k e l e t o n s  in w h ich  th e  m i c r o s t r u c t u r e  
h a s  b e e n  c o m p le te ly  o r  p a r t i a l l y  d e s t r o y e d  and th e  s k e le to n s  a r e  c o n s i s t e n t ly  
p r e s e r v e s !  a s  s p a r r y ,  m o s a i c  c a l c i t e  in r o c k s  c o n ta in in g  o r g a n i s m s  w ith  
r e c o g n i z a b l e  c a l c i t i c  m i c r o s t r u c t u r e .  T h is  p r e m i s e ,  f i r s t  s t a t e d  by S o rbv  
< lk?9 . pp . ftM- fs9), w as  u se d  by M g g i ld  (19,'Mit to p r e d i c t  the  d i s t r i b u t i o n  of 
c a l c i t e  and  a r a g o n i t e  in  th e  s h e l l s  of m o l lu s k s .  iW g g ild ’s p r e d i c t i o n s  have  
b e e n  c o n f i r m e d  fo r  M e s o z o ic  and O n o z o i c  g e n e rn  w ith  l iv in g  r e p r e s e n t a t i v e s  
ami h av e  r e c e n t ly  b e e n  c o n f i r m e d  fo r  s o m e  e x t in c t  P a le o z o ic  o r g a n i s m s  th ro u g h  
the  d i s c o v e r y  o f  u n a l t e r e d  c a l c i t i c  and a r a g o n i t i c  r e m a in s  in th e  P e n n s v lv a n ia n  
s  y» tern  (fvteh l i . 1956).
T h e  p r e m i s e  d o e s  not p re c iu t ie  the  p o s s ib i l i ty  th a t  c a l c i t e  c a n  r e p l a c e  
a r a g o n i t i c  m i c r o s t r u c t u r e  p s e u d o m o r p h ic a l lv  o r  th a t  p a r t s  of s o m e  s k e le to n s  
w e r e  o r ig i n a l l y  m a g n e s i a n  c a l c i t e  in s te a d  of a r a g o n i t e .  H o w e v e r ,  no c a s e  in 
w hich  a r a g o n i t i c  m i c r o s t r u c t u r e  h as  b e e n  p s e u d o m o r p h ic a l ) v  r e p l a c e d  by c a l c i t e  
is  know n. As a r u l e ,  f o s s i l  s k e le to n s  s u c h  a s  th o s e  of s c l e r a c l t n l d  c o r a l s  and 
s o m e  m o l lu s k s ,  w h ich  a r e  b e l ie v e d  to h a v e  b e e n  o r ig in a l ly  c o n s t r u c t e d  of 
a r a g o n i t e  fby analogy  w ith  t h e i r  l iv ing  r e p r e s e n t a t i v e s ), a r e  p r e s e r v e d  as 
s p a r r y ,  m o s a i c  c a l c i t e .  F o s s i l  s k e le to n s  s u c h  as  th o s e  of e r h i r w x ie r m s . s o m e  
ru g o s e  and  ta b u la te  c o r a l s ,  s o m e  s t r o m a t o p o r o i d s , s o m e  c a l c ia p o n g e a ,  ami
11
Bome FaraminLfora. which may haw  been originally constructed of magneslan 
calcite . often lack distinct microetructural elem ents but display certain char­
acteristics under the m icroscope which are reproduced in individuals of a 
sp ecies, genus, or family.
Skeletal M icrostructures
S k e le ta l  m i c r o s t r u c t u r e s ,  o r  th e  a r r a n g e m e n t  of m in u te  e l e m e n t s  
( p r i s m s ,  g r a i n s ,  l a m e l l a e ,  e t c . )  w h ich  m a k e  up the  s k e le to n ,  a r e  u se fu l  to  
th e  t a x o n o m is t  in d i f f e r e n t i a t i n g  n a tu r a l  g r o u p s  of o r g a n i s m s .  A lthough  th is  
w a s  r e a l i s e d  a s  e a r l y  a s  1845 ( C a r p e n t e r ,  1845, p. 15-16), m a n y  e x c e p t io n s  
p r o h ib i t  th e  a s s i g n m e n t  of a n  o r g a n i s m  to  a ta x o n o m ic  g ro u p  only  on the  b a s i s  
of its  m i c r o s t r u c t u r e ,  m a in ly  b e c a u s e  of w e a k n e s s e s  in c l a s s i f i c a t i o n  r e s u l t i n g  
f r o m  la c k  of k n o w led g e  a b o u t  th e  b io lo g ic  p r o c e s s e s  of s k e le t a l  f o r m a t io n .
S o m e of the  e a r l y  c o n t r ib u t io n s  d e a l in g  w ith  m i c r o s t r u c t u r e s  a r e  s u m m a ­
r i s e d  in S c h e n c k  ( 1934), a n d  s o m e  of th e  l a t e r  p a p e r s  a r e  r e f e r r e d  to  in the  
te x t .  A s f a r  a s  p o s s i b l e ,  th e  t e rm in o lo g y  u s e d  to  d e s c r i b e  the  m l e r e s t r u c t u r e s  
of d i f f e r e n t  o r g a n i s m s  is  th e  s a m e  a s  th a t  u s e d  by B dgg iid  (1930) to  d e s c r i b e  
th e  c a l c a r e o u s  s h e l l  s t r u c t u r e s  in o v e r  one  h u n d re d  f a m i l i e s  of m o l lu s k s .  
B d g g i ld 'a  t e r m s  a r e  not e n t i r e l y  s a t i s f a c t o r y , bu t th ey  a r e  f a m i l i a r  to  s tu d e n t s  
of s h e l l s  am i a r e  u s e fu l  fo r  p u r p o s e s  of r e f e r e n c e .  T h e  e ig h t  m i c r o s t r u c t u r e s  
r e c o g n iz e d  by B dggitd  a r e  d e s c r i b e d  on th e  fo llo w in g  p a g e s  and  a r e  s u m m a r i z e d  
in T a b le  2 and  in th e  G l o s s a r y ,  S om e of th e  im p o r ta n t  m J c r o s t r u e t u r e s  a r e  a l s o  






















i i  %» i i * s
*
is *














'  !  *
u5 Jr *
i s
I !  
* »
: » j l
I ! ‘ «
h ?H
3
* !  i










I ' : ?
"  ’ I  f
* f t * .


















1) H o m o g e n e o u s  m i c r o a t r u c t u r e  IP1 a t e s  l a ,  3 -1 ,  3 - 2 ,  15 -4 , 17-3 ,
1 7 -4 ,  2 1 - 1 ,  2 1 -2 ,  2 2 -1 ,  2 2 -2 ,  2 2 - 3 ,  2 2 -4 ,  6 6 -1 ,  6 6 -2 ,  8 6 -2 ,  8 6 -3 ,  9 0 -1 ,  
9 0 -2 ,  9 0 -3 ) .  H o m o g e n e o u s  m i c r o s t r u c t u r o  is  c h a r a c t e r i z e d  by  an  a b s e n c e  
of d i s t i n c t l y  v i s ib l e  m l c r o u t r u c t u r a l  c o m p o n e n ts  In o r d i n a r y  l ig h t  * t m a g n i ­
f ic a t io n s  a s  h igh  a s  X 500.
A c c o rd in g  to  B d g g i ld ’s  u s e  of th e  t e r m ,  ’h o m o g e n e o u s "  d e n o te s  an  
a g g r e g a t e  of r o i c r o s t r u c t u r a l  c o m p o n e n ts  of e x t r e m e l y  s m a l l  s i z e  w ith  
f a i r l y  u n i f o r m  o p t ic  o r i e n t a t i o n .  In th in  s e c t io n  u n d e r  o r d i n a r y  t r a n s m i t t e d  
l ig h t ,  a  h o m o g e n e o u s  l a y e r  w ilt a p p e a r  c l e a r  and  b r ig h t  In c o n t r a s t  w ith  
a d j a c e n t  s h e l l  l a y e r s  o r  o r g a n ic  f r a g m e n t s  w ith  o th e r  m i c r o s t r u c t u r e s .
U n d e r  c r o s s e d  n lc o la ,  l a r g e  p o r t i o n s  of th e  h o m o g e n e o u s  l a y e r  e x t in g u is h  
p r o g r e s s i v e l y  a s  th e  s t a g e  is r o ta te d .
T h e  c o m m o n  o r i e n t a t i o n  of th e  C a x i s  in both  c a l c i t e  a n d  a r a g o n i t e  
s h e l l s  is  n o r m a l  to  the  p la n e  of th e  l a y e r  (B ilggild , 1930, p. 245). T h is  
o r i e n t a t i o n  c a u s e s  a  h o m o g e n e o u s  l a y e r  to  e x t in g u is h  a s  11 it w e r e  c o m p o s e d  
of f ine ,  c o m p a c t  p r i s m s  s ta n d in g  on e n d ,  an d  the  m i e r o s t r u c t u r e  is  r e f e r r e d  
to  a s  " h o m o g e n e o u s  p r i s m a t i c .  ” O th e r  m o d i f ic a t io n s  s u g g e s te d  by t r a c e s  of 
th e  c o m p o n e n ts  o r  by th e  m a n n e r  in w h ich  th e  l a y e r  g o e s  to  e x t in c t io n  a r e  
" h o m o g e n e o u s  fo l ia te d ,  " ’"hom ogeneous  g r a in e d ,  " an d  " h o m o g e n e o u s  
c r o e s e d - l a m e l l a r "  m i c r o s t r u c t u r e .
T h e  m i e r o s t r u c t u r e  Is d e v e lo p e d  in bo th  c a l c i t e  and  a r a g o n i t e  s h e l l s ,  
but h o m o g e n e o u s  a r a g o n i t e  l a y e r s  a r e  co n f in e d  to  th e  s h e l l s  of m o l lu sk *  
(B ^gg lld ,  1 930. p. 241). It m ay  b e  p r e s e n t  In the  u p p e r  o r  u n d e r  l a y e r s  of 
th e  s h e l l  o r ,  in s o m e  c a s e s ,  in th e  e n t i r e  s h e l l .  C a l c i t i c  h o m o g e n e o u s
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m i c r o e t r u c t u r e  la  a l s o  p r e s e n t  In l a y e r s  of m o l tu a k  s h e i l a ,  a s  w ell  a s  In 
s o m e  F o r a m i n i f e r a  an d  o a t r a c o d a .  P ro b a b ly  th e  b e a t  e x a m p le  of th i s  m t e r e ­
s t r u c t u r e  la found in the  c a l c i t i c  c a r a p a c e s  of t r i l o b l t e s
2) P r i a m a t i c  m i e r o a t r u c t u r e .  B dggild  (1930, pp . 2 4 6 -2 4 9 )  r e c o g n i z e s  
t h r e e  ty p e s  of p r t s m a t i c  m i c r o e t r u c t u r e :  (A) n o r m a l  p r i s m a t i c ,  (B) c o m p le x  
p r i a m a t i c ,  an d  (C) c o m p o s i t e  p r i a m a t i c .
A) N o rm a l  p r i s m a t i c  m i c r o e t r u c t u r e  1 P l a t e s  lb ,  4 -1 ,  4 -2 ,  4 - 3 ,  16-1,
18-2 , 2 4 -4 ,  2 8 -2 ,  2 8 -3 ,  2 9 -1 ,  2 9 -2 ,  2 9 -3 ,  2 9 -4 ,  3 4 -1 ,  6 6 -3 ,  6 6 -4 ,  6 7 -1 ,  
6 7 -2 ,  6 7 -3 ,  6 8 - i .  6 8 -2 ,  7 7 -2 ,  H l-3 ,  8 1 -4 ,  8 2 -1 ,  90*11. N o rm a l  p r i a m a t i c  
m i c r e s t r u c t u r e  co n s  tu ts  of an  a g g r e g a t e  of c l o s e l y  p a c k e d ,  q u a d r a n g u l a r  o r  
p o ly g o n a l  g e o m e t r i c  p r i s m s  of c a l c i t e  o r  a r a g o n i t e  o r i e n t e d  w ith  t h e i r  long  
d im e n s io n  e i t h e r  p e r p e n d i c u l a r  o r  s l ig h t ly  in c l in e d  to  the  p la n e  of th e  l a y e r ,  
r a r e l y  w ith  t h e i r  long  d im e n s io n  in the  p la n e  of the  l a y e r .  E ach  n o rm a l  p r i s m  
la an  ind iv idua l  c r y s t a l  w ith  un it  e x t in c t io n .  L eng th , c r o s s - s e c t t o n a l  d i a m e t e r ,  
an d  s h a p e  of the  p r i s m a  v a r y  a m o n g  d i f f e r e n t  o r g a n i s m s .  I r r e g u l a r l y  s h a p e d  
p r i s m a  a r e  found o c c a s io n a l ly  and , d e p e n d in g  on the  d e g r e e  of I r r e g u l a r i t y ,  
m ay  be  t r a n s i t i o n a l  w ith  g r a in e d  m i c r o s t r u c t u r e .
N o rm a l  p r i s m a t i c  m i c r e s t r u c t u r e  ia found in th e  in n e r  c a r b o n a te  l a y e r  
of s o m e  o s  I r a  co d a  ami in the  in n e r  c a r b o n a t e  l a y e r  of m o s t  f o s s i l  p u n c ta te  
a n d  im p u n c ta te  b r a c h io p o d a .  It ia c o m m o n  in c a m e r a !  d e p o s i t s  of n au t l lo id  
c e p h a lo p o d a  and f o r m s  the  e n t i r e  r o s t r u m  of b e le m n o id  c e p h a lo p o d a .  U ia 
p r e s e n t  in the  o u te r  c a r b o n a te  l a y e r  of s o m e  g a s t r o p o d  and  b iv a lv e  s h e l l s  
but m ay  fo rm  in t e r m e d i a t e  o r  In n e r  l a y e r s  in m u l t i - l a y e r e d  m o l lu s k  s h e l l* .
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B) C o m p le x  p r i a m a t i c  m i e r o a t r u c t u r e  ( P l a t e s  l c .  5 -1 ,  5 - 2 ,  5 -3 ,
5 - 4 ,  6 7 ~ 4 | . C o m p le x  p r i s m a t i c  m i c r o e t r u c t u r e  la I n t e r m e d i a t e  b e tw e e n  
n o r m a l  an d  c o m p o s i t e  p r i a m a t i c  m i c r o s t r u c t u r e  A s h e l l  l a y e r  of c o m p le x  
p r i s m s  o u tw a rd ly  r e s e m b l e s  an  a g g r e g a t e  of n o r m a l  g e o m e t r i c  p r i s m s  an d  
u s u a l ly  c a n n o t  be  d i s t i n g u i s h e d  f ro m  n o r m a l  p r i a m a t i c  m i e r o a t r u c t u r e  in 
o r d i n a r y  l ig h t .  H o w e v e r ,  e a c h  c o m p le x  p r i s m  is  an  a g g r e g a t e  of m in u te  
c r y s t a l s  a r r a n g e d  a b o u t  a  c e n t r a l  a x i s  in a  f e a th e r y  m a n n e r ,  p a r a l l e l  to  the  
s i d e s  of th e  p r i s m  in th e  c e n t e r  and  In c lin ed  n e a r  th e  e d g e s .  B ach  a g g r e g a te  
is b o u n d ed  by p la n e  s u r f a c e s  and ,  in th i s  r e s p e c t ,  d i f f e r s  f ro m  a c o m p o s i t e  
”p r t s m .  "
U n d e r  c r o s s e d  n ic o la ,  a c o m p le x  p r i s m  d o e s  not e x t in g u is h  a s  a un it  
bu t w ill  d i s p la y  a d a r k  l in e  of e x t in c t io n  dow n the  m id d le  of th e  p r i s m  w hen  
its  le n g th  is  p a r a l l e l  to  th e  p la n e  of one n ic o l .  As the  s t a g e  Is ro ta t e d ,  th e  
d a r k  l in e  m o v e s  a c r o s s  th e  p r i s m  to th e  o u te r  ed g e .  T r a n s v e r s e  s e c t i o n s  
show  a b la c k  c r o s s  u n t ie r  c r o s s e d  n ic o ts  ( P l a t e  5 - 4 j.
B<*ggfld (1930, p. 248) d i s t i n g u i s h e s  b e tw e e n  c o m p le x  p r i s m s  c o n ta in in g  
c r y s t a l s  w ith  (a) d o w n w a rd - d iv e r g in g  an d  (b) upw a r d  - d iv e r g in g  C c r y  a u d i o ­
g r a p h  ic a x e s .  C o m p le x  p r i s m s  w ith  d o w n w a rd -  ( in w a r d - )  d iv e rg in g  c o m p o n e n ts  
a r e  b e s t  d e v e lo p e d  in s p e c i e s  of th e  b iv a lv e  fa m i ly  U n ion ldae ,  a n d  c o m p le x  
p r i s m s  w i th  u p w a r d - ( o u tw a r d - )  d iv e rg in g  c o m p o n e n ts  a r e  b e s t  d e v e lo p e d  in 
th e  T r ig o n i id a e  (B dgg ild ,  1930. pp . 24«~249>.
T h e  tw o ty p e s  of c o m p le x  p r i s m s  d e s c r i b e d  a b o v e  a r e  found only in 
a r a g o n i t i c  s h e l l s  and  o c c u r  in th e  o u te r  c a r b o n a te  l a y e r  of c e r t a i n  s p e c i e s
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of b iv a lv e s  and  g a s t r o p o d s .  C a l c i t i c  c o m p le x  p r i s m s  a r e  r e p o r t e d  only  in 
s h e l l s  of s o m e  s p e c i e s  of th e  b iv a lv e  I n o c e r a m u a .
C) C o m p o s i t e  p r i s m a t i c  m i c r o s t r u c t u r e  [ P l a t e s  Id , 6 -  i , 6 -2 ,  6 9 -  i, 
6 9 -2 ,  6 9 -3 ,  6 9 -4 ,  9 1 -1 ,  9 1 -2 ,  9 1 -3 ,  9 1 -4 ) .  C o m p o s i t e  p r i s m a t i c  m ic .  o 
s t r u c t u r e  c o n s i s t s  of l a r g e  s o l i d s ,  e a c h  of w h ich  Is c o m p o s e d  of s m a l l  
g e o m e t r i c  p r i s m s  ( e i t h e r  n o rm a l  o r  c o m p le x )  th a t  r a d i a t e  o u tw a rd  f r o m  a 
c e n t r a l  a x i s .  T h is  m i c r o s t r u c t u r e  is  c o m m o n ly  f o r m e d  in a r a g o n i t i c  s h e l l s ,  
r a r e l y  in c a l c i t i c  s h e l l s .  U is  found  m o s t  o f ten  in the  o u t e r  c a r b o n a te  l a y e r
9
in c e r t a i n  s p e c i e s  of b iv a lv e s  an d  g a s t r o p o d s  an d  a s  i n t e r m e d i a t e  l a y e r s  in 
th e  p l a t e s  of c h i to n s  In the  b iv a lv e s  and c h i to n s ,  the  l a r g e  s o l id s  a r e  u s u a l ly  
o r i e n t e d  h o r i z o n ta l ly  w ith  r e s p e c t  to  the  o u te r  s u r f a c e  and  f o r m  only one  l a y e r .  
In the  g a s t r o p o d a ,  th e  l a r g e  s o l id s  m ay  be  o r i e n t e d  h o r i z o n t a l l y . o r  th e y  m ay  
b e  o r i e n t e d  v e r t i c a l l y  o r  s l ig h t ly  in c l in e d  to  th e  o u te r  s u r f a c e  of th e  s h e l l .  T he  
m i e r o a t r u c t u r e  is  unknow n o u ts id e  the  m o l iu s k s .
3) F o l ia te d  m i e r o a t r u c t u r e  [ P l a t e s  2a , 7 -1 ,  7 -2 ,  m- I ,  12-1 , 14-1,
14-2, 14-3 , J 4 -4 ,  15-1, 15-4 , 3 1 -1 ,  3 1 -2 ,  3 2 -1 ,  3 2 -2 ,  3 2 -3 .  3 2 -4 ,  3 3 - t ,
3 3 -2 ,  3 3 -3 ,  3 6 -1 .  3 6 -2 ,  3 6 -3 ,  3 8 -3 ,  3 8 -4 .  3 9 -1 ,  3 9 -2 ,  4 0 -1 ,  4 0 -2 ,  4 0 -3 ,
4 0 -4 ,  6 7 -1 ,  7 0 -1 ,  7 0 - 2 ,  7 1 -1 ,  7 1 -2 ,  7 1-3, 7 2 -1 ,  7 2 -2 ,  7 2 -3 .  7 3 -1 ,  7 4 -1 ,
7 4 -2 ,  7 4 -3 .  7 5 -  i, 7 5 -2 .  7 5 -3 .  8 4 -1 ,  8 4 -2 ,  84 -3 , 8 5 -1 .  85 -2  , 8 5 -3  , 9 3 -1 ,
9 3 -2 ,  9 3 -3 ,  9 3 -4 ) .  F o l ia te  m i c r o s t r u c t u r e  c o n s i s t s  of an  a g g r e g a t e  of th in  
( g e n e r a l ly  0 . 0 0 1 - 0 . 0 0 2  m m ), s u b p a r a l l e l  c a l c i t e  l a m e l l a e .  T h e  l a m e l l a e  
m ay  be  f a i r l y  r e g u l a r  and  long , p a r a l l e l  to  the  s u r f a c e  of the  s h e l l ,  o r  they
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m a y  b e  a b o r t .  In c lin ed  o r  v e r t i c a l ,  a n d  v e r y  i r r e g u l a r ,  " s i m i l a r  to ,  . . 
c r o s s  b e d d in g  In s a n d s t o n e ’' (Ekiggild. 1930, p. 250), O r ie n ta t io n  of th e  
C a x e s  of th e  l a m e l l a e  is  a l s o  v a r i a b l e .
T h e  m i c r o s t r u c t u r e  la  c o m m o n  In w o r m  tu b e s ,  th e  In n e r  l a y e r  of 
p a m id o p u n c ta te  b r a c h io p o d  s h e l l s ,  p a r t s  of f o s s i l  B r y o r o a  s k e l e t o n s ,  and 
m a j o r  p o r t i o n s  of th e  s h e l l s  of s o m e  g a s t r o p o d s  and  b iv a lv e s .  In a s m u c h  a s  
th e  l a m e l l a e  w e r e  o r ig in a l l y  c o m p o s e d  of c a l c i t e ,  th e  d e t a i l s  of fo l ia t io n  a r e  
u s u a l ly  p r e s e r v e d  in fo s s i l  s h e l l s .
4) N a c r e o u s  m i c r o s t r u c t u r e  [ P l a t e s  2a ,  * -2 , 8 2 -3 ,  9 1 -2 .  9 1 -3 ,  9 l - 4 | .  
B«iggild (1930, p. 250) m a k e s  a d i s t i n c t i o n  b e tw e e n  fo l ia te d  m i c r o s t r u c t u r e  
c o m p o s e d  of c a l c i t e  and  n a c r e o u s  m i c r o s t r u c t u r e  c o m p o s e d  of a r a g o n i t e .  
N a c re ,  o r  " m o t h e r - o f - p e a r l ,  " is  an  a g g r e g a t e  of u n i f o r m ly  th in  ( l e s s  than  
0 .0 0 1 m m )  s h e e t s  o r  l e a v e s  of a r a g o n i t e  s e p a r a t e d  by f i lm s  of o r g a n ic  
m a t e r i a l  of abou t equa l  t h i c k n e s s  and  u n i fo rm i ty .
O r ie n ta t io n  of th e  lo a v e s  m ay  b e  p a r a l l e l  to  th e  s h e l l  s u r f a c e  o r  p a r a l l e l  
to  th e  l in e s  of s h e l l  g ro w th .  T r a n s v e r s e  s e c t i o n s  show p a r a l l e l  e x t in c t io n .
N a c r e  is  found only in s h e l l s  of m ol t u s k s . U h a s  not b e e n  r e c o r d e d  in 
th e  A ro p h ln e u ra  o r  s e a p h o p o d a .  but it c o m m o n ly  f o r m s  th e  in n e r  c a r b o n a t e  
l a y e r  in c e r t a i n  b iv a lv e  a n d  g a s t ro p o d  s h e l l s  and  m a j o r  p o r t i o n s  o f  ceph aJo p o d  
s h e l l s .
N a c r e o u s  m i c r o s t r u c t u r e  is d i s t i n g u i s h e d  f ro m  f o l i a te d  m i c r o s t r u c t u r e  
by its  m i n e r a l  c o m p o s i t io n ,  by its  ' 'm o t h * ; r - o f - p e a r l "  l u s t e r  in c o n t r a s t  w ith  
th e  'm i c a c e o u s ’’ l u s t e r  of fo l ia te d  s h e l l s ,  and  by i t s  u n i fo rm i ty  of s t r u c t u r e .  
T h e  u n i f o r m  la m in a t io n  of n a c r e  is  a p p r o a c h e d  in c a l c i t i c  fo l ia te d  s h e l l s  in
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th e  in n e r  c a r b o n a t e  l a y e r s  of p e e u d o p u n c ta te  b r a c h io p o d *  an d  in  s o m e  
p e c t e n s ,
N a c r e  s o m e t i m e s  c o n ta in s  p r o m in e n t ,  r e g u l a r l y  s p a c e d ,  t r a n s v e r s e  
' c r a c k * ' ’ an d  " j o i n t s ” w h ich  p r o d u c e  a  t e x t u r e  th a t  r e s e m b l e *  n o r m a l  p r i s m s .  
U n d e r  c r o s s e d  n ic o ls ,  h o w e v e r ,  l a r g e  a r e a s  of n a c r e  e x t in g u is h  t o g e th e r ,  
w h e r e a s  a l t e r n a t e  n o r m a l  p r i s m a  e x t in g u is h  a s  u n i t s .  At h igh  m a g n if ic a t io n ,  
th e  c o m b in a t io n  of v e r t i c a l  " c r a c k s "  and  h o r i z o n ta l  l a m in a e  in n a c r e  p r o d u c e s  
th e  e f f e c t  of s t a c k s  of s m a l t ,  r e c t a n g u l a r  b r i c k s .  P r i s m s  e x h ib i t  c r y s t a l  f a c e s  
an d  a p p e a r  c l e a r  and  b r ig h t .  If h o r iz o n ta l  l a m in a e  a r e  p r e s e n t  in p r i s m s ,  they  
w ill  a p p e a r  a s  th in ,  d a r k ,  o p aq u e  l in e s  w h ich  a r e  in c lu d ed  in th e  p r i s m s .
5) G r a in e d  m i c r o s t r u c t u r e .  G r a in e d  m i c r o s t r u c t u r e  h a s  b een  d e f in e d  
by B dggild  (1930, p. 250) a s  an  I m p e r f e c t  a g g r e g a t io n  of i r r e g u l a r l y  f o rm e d  
c a l c i t e  o r  a r a g o n i t e  g r a in s  of u n s p e c i f i e d  s i z e  w ith  ra n d o m ly  o r i e n t e d  o p tic  
a x e s .  B dgg ild  s t a t e s  th a t  th i s  m i c r o s t r u c t u r e  " is  v e r y  r a r e  in. . . s h e l l s "  
( p r e s u m a b l y  of l iv e  o r g a n i s m s )  lait o c c u r s  in s p e c im e n *  of th e  g a s t r o p o d s  
j a n i h l n a  an d  "S e a l  a r i a . " in th e  c e p h a lo p o d a  S ep ta  a n d  A r g o n a u t* , and  in 
th e  u p p e r  h o m o g e n e o u s  l a y e r s  of s o m e  b iv a lv e s .  T h e  d a rk  f in e  g r a in e d  
m i c r o s t r u c t u r e  in th e  t e s t s  of s o m e  P a le o z o ic  K o r a m ln i f e r a  h a s  r e c e n t ly  
b e e n  show n to  be the  r e s u l t  of r e c r y a t a i l i x a t i o n  of o r ig in a l ly  " p o r c e l l a n e o u s " 
s h e l l s  (H en b es t .  I960, pp B386-B3H 7).
6) S ing le  c r y s t a l  m i c r o s t r u c t u r e  ( P l a t e s  2b. 9 -1 .  9 -2 .  4 0 -3 ,  4 0 -4 ,
5 5 -1 ,  5 5 -2 ,  5 5 -3 .  5 6 -1 ,  5 6 -2 ,  5 6 -1 ,  5 8 -2 .  5 8 -3 .  5 8 -4 ,  5 9 -1 ,  5 9 -2 ,  5 9 -3 ,  
5 9 - 4 .  6 0 -1 ,  6 0 -2 ,  6 0 -3 ,  6 0 -4 ,  1 0 0 - 1, 100-31. M a jo r  p a r t*  of s k e le to n *  w ith  
s i n g l e - c r y s t a l  m i e r o a t r u c t u r e  a c t  a*  a  s i n g l e  c a l c i t e  c r y s t a l  b e tw e e n  c r o s s e d
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n lc o la  and  e x t in g u is h  a s  a u n i t .  T h is  ty p e  of m i c r o s t r u c t u r e  is  c h a r a c t e r i s t i c  
of th e  s k e l e t o n s  of a l l  e c h i n o d e r m s  bu t  is  u n c o m m o n  in o t h e r  p h y la .  B #ggild  
(1930, p. 2511 r e c o r d s  s i n g l e - c r y s t a l  m i c r o s t r u c t u r e  in c a l c i t i c  l a y e r s  of 
one s p e c i e s  of b iv a lv e  and  in one  g en u a  o f  b e le m n o ld  c e p h a lo p o d .  It a l s o  
o c c u r s  in th e  c o lo n ia l  p le x u s  of f e n e s t r a t e  B r v o r o a  and  s p i c u l e s  o f  s o m e  
s p o n g e s .
7) C r o s s e d - - l a m e l l a r  m i e r o a t r u c t u r e  ( P l a t e s  2 c ,  1 0 -1 ,  1 0 -2 ,  l l - ' l ,
1 1 -2 ,  1 2 -1 ,  1 2 -2 ,  7 3 -1 ,  7 3 -2 ,  7 3 - 3 ,  7 5 -2 ,  7 5 - 3 .  7 5 -4 .  7 0 -1 ,  7 6 -2 ,  7 6 -3 ,
7 6 -4 .  7 7 -1 ,  7 7 -2 ,  9 2 - 1 .  9 2 -2 ,  9 2 -3 ,  9 2 -4 ,  9 3 - 3 ,  9 3 - 4 ,  9 4 - 1 ,  9 4 - 2 .  9 4 -4 .
9 6 -1 ,  9 7 -1 ,  9 7 -2 ,  9 7 -3 ) .  T y p ic a l  a r a g o n i t i c  c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  
c o n s i s t s  of an  a g g r e g a t e  of w ed g in g ,  b r a n c h in g  l a m e l l a e  ( f i r s t - o r d e r  l a m e l l a e ) ,  
e a c h  c o m p o s e d  of m in u te ,  l a th - s h a p e d  u n i t s  ( s e c o n d - o r d e r  l a m e l l a e )  in c l in e d  
in th e  p la n e  of th e  f i r s t - o r d e r  l a m e l l a e  a t a c o n s ta n t  an g le  of 41“ [ P i s t e  2~cJ.
T h e  s e c o n d - o r d e r  l a m e l l a e  a r e  abou t 0. 001 m m  o r  l e s s  in  t h i c k n e s s  and a r e
in c l in e d  in  o p p o s i te  d i r e c t i o n s  in  ad jo in in g  f i r s t - o r d e r  l a m e l l a e .  A s e c t io n  
p e r f e c t ly  p a r a l l e l  to  th e  p la n e  of a  s in g le  f i r s t - o r d e r  l a m e l l a  w ould  show  a ll  
of the  s e c o n d - o r d e r  l a m e l l a e  u n i fo rm ly  in c l in e d  in one  d i r e c t io n .  H o w e v e r ,  
b e c a u s e  th e  f i r s t - o r d e r  l a m e l l a e  a r e  i r r e g u l a r  a m  1 v e r y  th in ,  any  th in  s e c t i o n  
w ill  t r a n s e c t  s e v e r a l  f i r s t - o r d e r  l a m e l l a e ,  and th e  s e c o n d - o r d e r  l a m e l l a e  w ill 
a p p e a r  to  c r o s s  a t  a n g le s  a p p r o x im a t in g  82* and  98* ( P l a t e  1 0 - l J .
M a e C l in lo e k  (1967) and  o t h e r s  h a v e  r e c o g n i s e d  s m a l l e r ,  t h i r d - o r d e r  
l a m e l l a e  w h ich  c o m p o s e  the  s e c o n d - o r d e r  l a m e l l a e .
l e n g t h ,  w id th ,  and h e ig h t  of f i r s t - o r d e r  l a m e l l a e  v a r y  in th e  d i f f e r e n t  
o r g a n i s m s .  Som e f i r s t - o r d e r  l a m e l l a e  m a y  r a n g e  to s e v e r a l  m i l l i m e t e r s  in
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le n g th  b e f o r e  th ey  w e d g e  ou t a n d  b e c o m e  r e p l a c e d  by o t h e r s .  T h e  w id th  of 
a  f i r s t - o r d e r  l a m e l l a  i s  e q u a l  t o  th e  w id th  of i t s  c o m p o n e n t  s e c o n d - o r d e r  
l a m e l l a e .  W id th  r a n g e s  f ro m  0 .0 0 4  to  0 .0 4  m m . on th e  a v e r a g e .  G e n e ra l ly ,  
f i r s t - o r d e r  l a m e l l a e  a r e  th i c k  a t  t h e i r  b a s e  a n d  b e c o m e  th i n n e r  and  b r a n c h  
a t  t h e i r  u p p e r  e x t r e m i t i e s ,  w h e r e  th ey  a r e  in c o n ta c t  w i th  a n o t h e r  l a y e r .
T h e  he igh t of f i r s t - o r d e r  l a m e l l a e  la u s u a l ly  eq u a l  to  the  th i c k n e s s  of the  
l a y e r .
C r o s s e d - l a r a e l l a r  m i c r o s t r u c t u r e  is one  of th e  m o s t  c o m m o n  m i c r o -  
s t r u c t u r e s  found in s h e l l s  of R e c e n t  m o l lu s k s .  It is  found In s h e i l a  of 
b iv a lv e s ,  g a s t r o p o d s ,  s c a p h o p o d s ,  an d  c h i to n s  but is  unknow n in th e  
c e p h a lo p o d a  an d  a l l  o t h e r  I n v e r t e b r a t e s .  C r o s s e d - l a m e l l a r  l a y e r s  m ay 
c o n s t i t u t e  a l l  of th e  c a r b o n a te  l a y e r s  in the  m o l lu s k  a h c l i ,  o r  th ey  m ay  
a l t e r n a t e  w ith  l a y e r s  of o t h e r  m i c r o s t r u c t u r e s .  The* m i c r o s t r u c t u r e  d o e s  
not o c c u r  in b iv a lv e  s h e l l s  w ith  n a c r e o u s  l a y e r s  (N ew e ll .  1927, p. 26), 
bu t It h a s  b e e n  r e p o r t e d  a s  o c c u r r i n g  w ith  n a c r e o u s  l a y e r s  in c e r t a i n  s p e c i e s  
of g a s t r o p o d s  (B dgg lld .  19.70. p. 206), U is  m o s t  c o m m o n  and  m o s t  p e r f e c t ly  
d e v e lo p e d  in a r a g o n i t i c  s h e l l s  bu t a l s o  o c c u r s  in c a l c i t i c  s h e l l s  In r e p r e s e n t a ­
t i v e s  of tl»e b iv a lv e  f a m i l i e s  P t e r i i d a e ,  M y id ae .  anti O s t r e i d a e  an d  in s o m e  
g a s t r o p o d s .
M n cC lln to ck  (1967, pp . 27 -2 1 )  h a s  p r o p o s e d  " c r o s s - f o l i a t e d "  fo r  
B ^ g g l ld 's  c a l c i t i c  c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e .  In th e  p a t e l lo id  
g a s t r o p o d s  he d i s t i n g u i s h e s  the  c a l c i t i c  v a r i e ty  f r o m  the  a r a g o n i t i c  v a r ie ty  
of c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  by th e  lo w e r  a v e r a g e  a n g le  of d ip  of 
c a l c i t i c  s e c o n d - o r d e r  l a m e l l a e  (3° to  27°) an d  th e  g r e a t e r  a v e r a g e  w id th
22
(0- 184 m m ) of c a l c i t i c  f i r s t - o r d e r  l a m e l l a e .
C r o e s e d - l a m e i l & r  m i c r o s t r u c t u r e  ia c o m m o n ly  o r i e n t e d  w i th  th e  
h e ig h t  of th e  f i r s t - o r d e r  l a m e l l a e  p e r p e n d i c u l a r  o r  s l ig h t ly  in c l in e d  to  
th e  o u te r  s u r f a c e  of th e  s h e l l ,  In th e  b iv a lv e s ,  th e  lo n g  a x e s  of f i r s t - o r d e r  
l a m e l l a e  a r e  u s u a l ly  o r i e n t e d  c o n c e n t r i c a l ly ,  a p p r o x im a te ly  p a r a l l e l  to  
th e  l in e s  of g ro w th  of the  s h e l l .  O r i e n t a t i o n  of the  lo n g  a x e s  in a  r a d ia l  
d i r e c t i o n  ia known on ly  in th e  f a m i l i e s  " M e s o d e s m id a e "  an d  M a c t r id a e  
(B ^ g g ild ,  1930, p. 253).  As a r u le ,  c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  ia 
I r r e g u l a r l y  d e v e lo p e d  in b iv a lv e  s h e l l s  in w h ich  th e  c r o s e e d - l a m e l l a r  
l a y e r  f o r m s  a m a j o r  p o r t i o n  of the  s h e l l .  It is  r e g u l a r l y  d e v e lo p e d  if the 
l a y e r  a l t e r n a t e s  w ith  l a y e r s  of o th e r  m i c r o s t r u c t u r e .
M ost of th e  R e c e n t  g a s t r o p o d s  h a v e  s h e l l s  of a v e ry  r e g u l a r  c r o s s e d -  
l a m e l l a r  m i c r o s t r u c t u r e  w h ich  is  u s u a l ly  d e v e lo p e d  in t h r e e  o r  m o r e  l a y e r s .
S cap h o p o d s  c o n ta in  only  one  l a y e r  of th i s  m i c r o s t r u c t u r e .  O r ie n ta t io n  
of th e  long  a x e s  of th e  l a m e l l a e  is  t r a n s v e r s e  to  the  le n g th  of th e  s h e l l .
T h e  A roph ineun*  c o n ta in  l a y e r s  of f ine ,  r e g u l a r  c r o n a o d - l a m e l l a r  
m i c r o s t r u c t u r e .  T h e  l a r g e  l a m e l l a e  a r t ;  v e ry  th in  and  s l e n d e r  and  a r e  
o r i e n t e d  w ith  t h e i r  long  a x e s  a p p r o x im a te ly  p e r p e n d i c u l a r  to  tin* le n g th  
of th e  a n i m a l .
«) C o m p le x  c r o s s e d  - l a m e l l a  r  m i c r o s t r u c t u r e  [ P l a t e s  12-1 , 12-2.
7 5 -4 ,  7 7 - 1 ,  9 3 -3 ,  9 3 -4 J .  C o m p le x  c r o s e e d - l a m e l l a r  m i c r o s t r u c t u r e  has  
b e e n  d e s c r i b e d  a s  an  I n t r i c a t e  type  of s t r u c t u r e ,  the  d e t a i l s  of w h ich
, . c a n n o t ,  p ro b a b ly ,  be  d e t e r m in e d  w ith  full c e r t a i n t y .  " (B dggild ,  1930, 
pp . 2 5 4 - 2 5 6 . )
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T he  m i c r o s t r u c t u r e  Is f u r t h e r  d e s c r i b e d  by  B ^gg ild  a s  \  . . c h a r a c t e r ­
is e d  by the  fac t  th a t  we s e e ,  in a i l  v e r t i c a l  s e c t i o n s  o f  th e  s a m e  l a y e r ,  the  
c r o s s i n g  of th e  ( l a m e l l a e )  w h ich  is  s o  c h a r a c t e r i s t i c  of th e  c o m m o n  c r o s s e d  
l a m e l l a r  s t r u c t u r e ,  if  s e e n  in s e c t i o n s  p a r a l l e l  to  ( l a m e l l a e )  of th e  1st o r d e r ,  " 
In th i s  ty p e  of c o m p le x  c r o s s e d - l a m e  l i a r  m i c r o s t r u c t u r e  th e  e l e m e n t s  a r e  
a r r a n g e d  in b lo c k s  w h ich  r e s e m b l e  c o m p le x  p r i s m s ,  S e c t io n s  w h ich  cut 
th e  b la c k s  p a r a l l e l  to  t h e i r  long d im e n s io n  s o m e t i m e s  show  a v e r y  c r u d e  
" h e r r in g b o n e '*  p a t t e r n  ( P l a t e  12-1) s i m i l a r  in  a p p e a r a n c e  to th e  c r o s s e d -  
l a m e l l a r  m i c r o s t r u c t u r e  w hen s e e n  in s e c t i o n s  w h ich  cu t  th e  f i r s t - o r d e r  
l a m e l l a e  o b l iq u e ly  ( P l a t e s  2 - 0 - 2 ,  1 0 -2 ) ,  W hen l a y e r s  of c o m p le x  c r o s s e d -  
l a m e l l a r  m i c r o s t r u c t u r e  a r e  stn?n in r a n d o m  o b l iq u e  s e c t i o n s ,  the  m i c r o ­
s t r u c t u r e  a p p e a r s  to c o n s i s t  of e r o s s o d - l a m e l l a r  c o m p o n e n ts  o r i e n t e d  in a l l  
p o s s ib le  d i r e c t i o n s  ( P la t e  12-2},
M n cC lin to ck  (19f>7, pp. 32-3fi)  r e c o g n i s e s  bo th  a r a g o n i t i c  and  c a l c i t i c  
(com plex  c r o s s - f o l i a t e d i  v a r i e t i e s  c o m p o s e d  of f i r s t - ,  s e c o n d - ,  arxi t h i r d -  
o r d e r  c o m p o n e n t s ,  and  d i s c u s s e s  an d  i l l u s t r a t e s  th i s  i n t e r p r e t a t i o n  in d e t a i l .
T he  m i c r o s t r u c t u r e  o f te n  f o r m s  the  m a j o r  in n e r  s h e l l  l a y e r  of b iv a lv e s  
and  an in n e r  l in ing  of the  s h e l l  of g a s t r o p o d s .  It is d i s t i n g u i s h e d  f r o m  c r o s s e d -  
l a m e l l a r  m i c r o s t r u c t u r e  by the  v e ry  i r r e g u l a r  a r r a n g e m e n t  of its  c o m p o n e n ts .  
A lthough  the  a r r a n g e m e n t  o f  c o m p o n e n ts  and b e h a v io r  in c r o s s  p o l a r i s e d  ligh t 
is  a l s o  s i m i l a r  to th a t  of th e  c o m p le x  p r i s m a t i c  m i c r o s t r u c t u r e ,  the  co m p lex  
c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  c a n  be d i s t i n g u i s h e d  f ro m  c o m p le x  p r i s m s  
by the  i r r e g u l a r  b o u n d a r ie s  and  c ru d e  " h e r r in g b o n e "  p a t t e r n  d i s p la y e d  by the  
b lo c k s .
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A N N E L ID  WORMS 
[ P la te n  13, 14, 151
T he A n n e l id a ,  o r  s e g m e n t e d  w o r m s ,  a r e  r e p r e s e n t e d  in C a m b r ia n  
to R e c e n t  m a r i n e  s e d im e n t s  by i m p r e s s i o n s  and  a s s o c i a t e d  fe c a l  p e l l e t s ,  
b o r in g s ,  b u r r o w s ,  s c o l e c o d o n t s ,  and  tu b e s .
In th in  s e c t i o n ,  the  tu b e s  a r e  th e  only  r e m a i n s  th a t  can  lie a s s ig n e d  
to w o rm s  w ith  c e r t a i n t y .  S c o le c o d o n ts  have  b e e n  sh o w n  to  h a v e  d i s t i n c t i v e  
m i c r o s t r u c t u r e  (T abeh and S h a f f e r ,  19f>l . S c h w a b ,  ltMSfi) bu t th e y  a r e  r a r e l y  
e n c o u n te r e d  in r a n d o m  ro c k  th in  s e c t i o n s  anti w ithou t s p e c ia l  t r e a t m e n t  to 
b le a c h  the  o p aq u e  o r g a n ic  m a t e r i a l  it is  u n l ik e ly  th a t  th e y  would  b e  r e c o g ­
n iz e d  as  w o rm  )aw ». A fewr r a n d o m ly  o r i e n t e d ,  u n t r e a t e d ,  f o s s i l  s c o le c o d o n ts  
w e r e  s e c t io n e d  e a r ly  in th is  s tu d y ;  t h e s e  a p p e a r e d  to c o n s i s t  of a m i x tu r e  of 
eh i t tn o id  m a t e r i a l  am i s i l i c a ,  in d i s t in g u i s h a b le  f ro m  in o r g a n ic  p a r t i c l e s .
W o rm  tu b e s  m a y  o c c u r  f r e e  o r  as  e n c r u s t a t i o n *  on  s h e l l s  ami ro c k  
f r a g m e n t s .  T h e i r  g ro w th  fo rm  m a y  be  tha t of s im p le  h o llo w , s t r a i g h t  o r  
s p i r a l  c o n e s  o r  th a t  of e lo n g a te ,  in te r tw in e d  tu b e s  s i m i l a r  to  long m a c a r o n i .  
T he  i n t e r i o r  of the  tube  is g e n e r a l ly  c i r c u l a r  in c r o s s  s e c t io n ,  but m ay  be 
p o ly g o n a l ,  e l l i p t i c a l ,  t r i a n g u l a r ,  o r  any  s h a p e  w hich  would c o m fo r ta b ly  
a c c o m o d a te  its  in h a b i ta n t  { P la te  1 5 - 2 | .  T h e  e x t e r i o r  m ay  a l s o  e x h ib i t  a 
v a r i e ty  of s h a p e s  d u e  to  o r n a m e n t a l  r id g e s  and  g r o o v e s .
C o m p o s i t io n  and M i c r o s t r u c t u r e  
T he  tu b e s  m a y  be  c o m p o s e d  e n t i r e l y  of e h i t in ,  c h i t in  arvd p h o s p h a te ,  
a g g lu t in a te d  b o t to m  m a t e r i a l s ,  o r  e n t i r e ly  of c a lc iu m  c a r b o n a te .  Only the
c a l c a r e o u s  tu b e s  a r e  c o m m o n  a s  f o s s i l s .  T h e s e  c o n s i s t e d  of c a l c i t e  o r  
a r a g o n i t e  o r  of v a r i a b l e  p r o p o r t i o n s  of c a l c i t e  and  a r a g o n i t e  (C h av e ,  1954, 
p . 279. L o w e n a ta m ,  1954b, p .  285, T a b l e  2, p. 294).  W h e th e r  th e  tw o 
o r g a n ic  m i n e r a l s  o c c u r  in d i s c r e t e  l a y e r s  o r  w h e th e r  th ey  a r e  in t im a te ly  
m ix e d  to g e t h e r  in the  o r ig in a l  tu b e  is  not know n f ro m  c h e m ic a l  a n a l y s e s .
A c c o r d in g  to  CJota (1931, p. 390) ami S c h m id t  (1951, p. 380), 
c a l c a r e o u s  w o rm  tu b e s  a r e  c o m p o s e d  of tw o  l a y e r s - - a  th in  in n e r  l a y e r  
and  a th ic k  o u t e r  l a y e r .  T h e  in n e r  l a y e r  c o n s i s t s  o f  d e n s e ,  f i n e  l a m e l l a e  
ab o u t  0 .0 0 5  m m  o r  l e s s  in th i c k n e s s ,  c o n c e n t r i c a l ly  o r i e n t e d  about the  
long  a x is  of th e  tu b e .  W hen s e e n  in lo n g i tu d in a l  s e c t i o n ,  th e  o u te r  l a y e r  
in one  ty p e  of lu b e  a p p e a r s  to  c o n s i s t  of d e n s e ,  a s y m m e t r i c a l ,  p a r a b o l i c  
l a m e l l a e ,  w ith  the  in n e r  le g  of the  p a r a b o l a  s h o r t e r  th a n  th e  o u te r  
( P la t e  1 r i - c l - hi a n o t h e r  ty p e  of tu b e ,  the  l a m e l l a e  of th e  o u te r  l a y e r  
a p p e a r  to  b e  u n i f o r m ly  in c l in e d  w ith  r e s p e c t  to  th e  long  a x is  of th e  tube .
If the  l a m e l l a e  a r e  inclines! a t  a w r y  low a n g le ,  a d i s t i n c t io n  b e tw e e n  o u te r  
an d  in n e r  l a y e r s  ca n n o t  be  m a d e ,  and  the  tu b e  a p p e a r s  to  be o n o - l a y e r e d .
In B d g g i ld 's  t e rm in o lo g y  (B dgg lld ,  1930). c a l c i t i c  tu b e s  of th i s  ty p e  
have  fo l ia te d  m i c r o s t r u c t u r e .
An u n u s u a l  tw o - l a y e r e d  tub*; r e m i n i s c e n t  of s o m e  g a s t r o p o d  s h e l l s  
is  found In the  p l a n i a p l r a l l y  c o i le d  tu b e  of Ro tu la r if t  f r o m  th e  E o c e n e .
I P la t e  15--4.) T h e  k e e le d  o u t e r  l a y e r  is h o m o g e n e o u s  p r i s m a t i c  c a l c i t e  
and  the  in n e r  l a y e r  is  c o n c e n t r i c a l l y  fo l ia te d .
Distinguishing Feature* of Worm Tube*
In m o a t  c a s e * ,  the  s k e l e t a l  m i e r o a t r u c t u r e  d i s t i n g u i s h e s  f r a g m e n t*  
of w o r m  tu b e *  f r o m  th o s e  of g a s t r o p o d s  and  s c a p h o p o d s ,  P la t e *  13. 87. 
a n d  95 i l l u s t r a t e  d la  d r a m a t i c a l l y  th e  d i f f e r e n c e s  in s t r u c t u r e  b e tw e e n  th e s e  
g r o u p s .  W hen a l l  a r e  r e c r y s t a l  I ia ed ,  one m u s t  r e ly  e n t i r e ly  on the s h a p e  
an d  g ro w th  hab it  of th e  tu b e s .
T h e  e n c r u s t i n g  h ab i t  of S p l r o r b l s  d i s t i n g u i s h e s  i ts  s p i r a l l y  c o l le d ,  
b a s a l l y  f la t te n e d  tu b e s  f r o m  s m a l t  g a s t r o p o d  s h e l l s  w h en  bo th  a r e  r e c r y s t a l -  
l ix e d  o r  r e p la c e d .
ARTHROPODS - OSTRACODS 
( P la te *  16, 17, 18, 19}
O s t r a c o d s  a r e  a q u a t i c ,  s w im m in g  and  b o t t o m - c r a w l i n g  s c a v e n g e r s  
th a t  in hab it  f r e s h ,  b r a c k i s h ,  and  m a r i n e  w a t e r s .  T h e y  a r e  r a r e  in U p p e r  
C a m b r ia n  r o c k s  but a r e  c o m m o n  in a ll  otherr g e o lo g ic  s y s t e m s .
T h e  o r g a n i s m s  a r e  c h a r a c t e r i z e d  by a b iv a lv e d  s h e l l  th a t  c o m p le te ly  
e n c l o s e s  th e  s o f t  p a r t s .  T h e  v a lv e s  a r e  u s u a l ly  s i m i l a r  In s h a p e  but of 
s l ig h t ly  u nequa l s i z e ;  th ey  a r t i c u l a t e  a lo n g  t h e i r  d o r s a l  m a r g i n  by m e a n s  
of t e e th  and  s o c k e t s  and  g e n e r a l ly  o v e r l a p  a lo n g  the  v e n t r a l  m a r g in  [ P la t e s  
16, 17-2 , 19- 1) o r ,  in s o m e  c a s e s ,  a lo n g  a lt m a r g i n s .  G row th  is  a c c o m ­
p l i s h e d  by r e p e a te d  s h e d d in g  of th e  c a r a p a c e ,  w h ich  o f ten  a c c o u n ts  fo r  
th in ,  f o s s i l i f e r o u s  l a y e r s  of d i s a r t i c u l a t e d  v a lv e s  { P la te  19j,
T h e  a v e r a g e  le n g th  of o s t r a e o d  v a lv e s  Is ab o u t 2 m m , but a d u l t s  of 
s p e c i e s  r a n g e  f r o m  o. f> m m  o r  l e s s  in le n g th  to  g ia n ts  58 m m  long 
(S co tt ,  1931).
T he  v a lv e s  m ay  lie even ly  co n v ex  o r  s c u lp t u r e d  in to  n o d e s ,  r i d g e s ,  
g r o o v e s ,  p o u c h e s ,  o r  m a rg in a l  f r i l l s .  T h e  s u r f a c e  m ay  tie s m o o th  o r  
o r n a m e n te d  by p i t s ,  t u b e r c l e s ,  o r  s t r i a e .
M in e ra l  C o m p o s i t io n  and  S k e le ta l  M i c r o s t r u c t u r e
T h e  c a r a p a c e s  of l iv in g  o s t r a c o d s  c o n s i s t  of e h i t ln  and  c a l c i t e  o r ,  
s o m e t i m e s ,  e n t i r e l y  of e h i t in .  T h e  c a l c a r e o u s  p a r t  of s o m e  s h e l l s  is 
d iv id e d  in to  tw o p a r t s :  th e  m a in  w all of the  s h e l l  ( c a l c a r e o u s  l a y e r  of the 
o u te r  l a m e l l a ) ,  and  a  s h o r t ,  s h e l f ! ik e  p r o je c t io n  ( d u p l i c a tu r e  o r  c a l c i f i e d
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p o r t i o n  of th e  In n e r  l a m e l l a )  fu s e d  to  th e  I n t e r i o r  m a r g i n s  of th e  m a in  
w a ll  ( P l a t e  161. D u r in g  th e  l i f e  of the  o r g a n i s m ,  c h i t in  f o r m s  an  e x t e r n a l  
c o v e r  of the  s h e l l  an d  a l s o  l in e s  th e  I n t e r i o r ,  e n c lo s in g  s o m e  s o f t  p a r t s  
a d j a c e n t  to  th e  m a in  c a l c a r e o u s  w a l l .  T h e  w a il  is  p i e r c e d  by m in u te  p o r e s ,  
bu t the  p o r e s  a r e  no t  a lw a y s  a p p a r e n t  In th in  s e c t i o n s  of f o s s i l  s p e c i m e n s .
T h e  c a l c i t e  Is h o m o g e n e o u s  p r i s m a t i c  o r  p r i s m a t i c  in h a b i t  and  f o r m s  
only  one  s h e l l  l a y e r  in m o s t  s p e c i e s .  O r i e n t a t i o n  of th e  C a x i s  is  a lw a y s  
n o r m a l  to  th e  s u r f a c e  of the  s h e l l  ( F o s t e r  an d  B en so n ,  195b, p. 1565). 
S p e c im e n s  w h ich  a p p e a r  to  c o n ta in  d i s t i n c t  m u l t ip le  s h e l l  l a y e r s  a r e  in d iv id ­
u a l s  in w h ich  the  m o l t s  a r e  r e t a in e d  (L e v in s o n ,  1951, 1961).
T h e  l - e p e r d l t i ld a e  an d  s o m e  K i rk b y id a e  d i f f e r  f r o m  m o s t  f a m i l i e s  of 
o s t r a c o d s  in h a v in g  v a lv e s  c o m p o s e d  of two c a r b o n a t e  s h e l l  l a y e r s  ( I-ev in son  
1951. p. 554; 1961, p. 73).
T h e  o u t e r  l a y e r  of i e p e r d l t i i d  o s t r a c o d s  is th in  a n d  h o m o g e n e o u s ,  
a p p e a r i n g  only  a s  a d e n s e  gone in s o m e  s p e c i m e n s .  T h e  in n e r  l a y e r  
c o n s t i t u t e s  m o s t  of th e  s h e l l  th i c k n e s s  and  u s u a l ly  c o n s i s t s  of d i s t i n c t  
n o r m a l  p r i s m s  abou t 0. o l  m m  in d i a m e t e r  ( P la t e  l8 - 2 ( .  O c c a s io n a l ly  the  
p r i s m s  m ay  b e  in d i s t in c t  in o r d in a r y  l ig h t  but d i s t i n c t ly  v i s ib l e  In p o l a r i s e d  
l igh t ( P l a t e s  17-9 , I 7 - 4 | .  T h e  p r i s m a t i c  s t r u c t u r e  is o f ten  e m p h a s i s e d  by 
s e c o n d a r y  g ro w th  of c a l c i t e  in o p t ic a l  c o n t in u i ty  a lo n g  th e  i n t e r i o r  of the  
sh e l l  ( P l a t e  T h e  ix d e r  c a r b o n a t e  l a y e r  is  t h i c k e s t  w h e r e  the  In n e r
p r i s m a t i c  l a y e r  is  th in ,  and  v ic e  v e r s a .  In a l l  s p e c im e n s  s e c t io n e d ,  the  
d e n s e  o u te r  l a y e r  is  c o n f in e d  to  the  c e n t r a l  p o r t io n  of th e  s h e l l  and  the 
in n e r  p r i s m a t i c  l a y e r  e x te n d s  f ro m  m a r g i n  to  m a rg in .
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D is t in g u i s h in g  F e a t u r e s  of O s t r a c o d  C a r a p a c e s  
S m ai 1. th in  s h e i l a ,  s c u l p t u r e d  v a lv e s ,  o v e r l a p  of th e  v a lv e s  a lo n g  one 
o r  a l l  m a r g i n s ,  a n d  h o m o g e n e o u s  p r i s m a t i c  a n d  p r i s m a t i c  c a l c i t e  m i c r o -  
s t r u c t u r e s  d i s t i n g u i s h  o e t r a c o d  c a r a p a c e s  f r o m  o th e r  b iv a lv e s  in th in  s e c t io n .
B e c a u s e  of t h e t r  o r ig in a l  c a l c i t e  c o m p o s i t io n ,  th e  s h e l l  m i c r o s t r u c t u r e  
is  r e t a i n e d  in s p e c i m e n s  a s  o ld  a s  O r d o v ic ia n .  F r a g m e n t s  of l a r g e  l e p e r d i t l i d  
o s t r a c o d s  c a n  be  d i s t i n g u i s h e d  f ro m  t r i l o b t t e  f r a g m e n t s  by t h e i r  c o a r s e r  
p r i s m a t i c  m i c r o s t r u c t u r e .  (C o m p a re  P l a t e s  17-3 , 17-4 w ith  3 -1 ,  3 - 2 . )
3 0
A R T H R O PO D S -  T R IL O B IT E S  
J P la t e s  20, 21 , 22]
T r i l o b i t c s  a r e  e x t in c t ,  e x c lu s iv e ly  m a r i n e  a r th r o p o d s  c h a r a c t e r i z e d  
by  a s e g m e n te d  d o r s a l  s k e l e t o n  th a t  Is d i f f e r e n t i a t e d  t r a n s v e r s e l y  into  
t h r e e  lo b e s  — a r a i s e d  ax ia l  p o r t i o n ,  and  tw o l a t e r a l  p o r t i o n s  ( P l a t e  20). 
L o n g i tu d in a l ly ,  the  s k e le to n  is  d i f f e r e n t i a t e d  into an  a n t e r i o r  h ead  s h ie ld  
(c e p h a lo n ) ,  a s e r i e s  of tw o  to  fo r ty  o r  m o r e  Bhort body s e g m e n t s  ( th o ra x ! ,  
and  a ta i l  s h ie ld  (p y g id iu m ).  T h e  o u t e r  s u r f a c e  of th e  s k e le to n  is s m o o th  
o r  v a r io u s l y  o r n a m e n te d  w ith  t u b e r c l e s ,  r i d g e s ,  o r  hollow  s p in e s .
The s k e le t o n  is  a r c h e d ,  and  th e  s h ie l d s  and  s e g m e n t s  a r e  tu r n e d  
u n d e r  a lo n g  p a r t  of t h e i r  m a r g i n s .  W hen s e e n  in th in  s e c t i o n s ,  th e  in f le c te d  
m a r g i n s  g iv e  th e  f r a g m e n t s  the  a p p e a r a n c e  of t in y  b o o k s  ( P l a t e s  2 0 -b ,  2 1 -1 ,  
21-21, T he  th i c k n e s s  of th e  s k e le to n  i» u s u a l ly  o n ly  a  f r a c t io n  of a m i l l i ­
m e t e r ,  W hole ad u l t  s k e l e t o n s  r a n g e  in le n g th  f r o m  0. 2 c m  to 70 cm  
(H a r r in g to n  e l a l .  , 1959, p, 172). In a s m u c h  a s  t r i l o b i t e s  i n c r e a s e  in s i z e  
by m o l t in g ,  m o s t  of the  r e m a in s  fount! in ro c k s  a r e  p ro b a b ly  th e  s k e le to n s  
c a s t  off d u r in g  th e  m o l t  s t a g e .  In th in  s e c t i o n ,  the  m o s t  c o m m o n ly  e n c o u n ­
t e r e d  f r a g m e n t s  a r e  d i s s o c i a t e d  body  s e g m e n t s  ( P l a t e  21 - 2 j .
T r t lo b t t e *  a r e  m o s t  ab u n d an t in C a m b r i a n  r o c k s ,  a r e  c o m m o n  in the  
O r d o v ic ia n ,  S i lu r i a n ,  am i D ev o n ian  s y s t e m s , d im in i s h  in o c c u r r e n c e  th ro u g h  
th e  la te  P a le o z o ic ,  ami b e c o m e  e x t in c t  in th e  P e r m i a n ,
M in e ra l  C o m p o s i t io n  and  S k e le ta l  M i c r o s t r u c t u r e  
T h e  t r i l o h t t e  s k e le to n  w a s  c o m p o s e d  of c h i t  In h eav i ly  im p r e g n a te d  
w ith  c a l c i t e  a n d  v a r y in g  a m o u n ts  of c a l c iu m  p h o s p h a te  (V in o g ra d o v ,  1953. 
p p .  4 1 6 -4 1 7 ;  H a r r in g to n ,  1959, p. HS).
T h e  m i c r o s t r u c t u r e  of th e  s k e le to n  is  h o m o g e n e o u s  p r i s m a t i c  in a ll  
s p e c i m e n s ,  r e g a r d l e s s  of g e o lo g ic  a g e  o r  f a m i ly  r e l a t i o n s .  No s t r u c t u r a l  
e l e m e n t s  a r e  v i s ib l e  in o r d i n a r y  l ig h t ,  and  th e  f r a g m e n t s  u s u a l ly  a p p e a r  
b r ig h t  in th in  s e c t i o n .  B e tw e e n  c r o s s e d  n tc o ls .  th e  s k e l e t o n  e x t in g u i s h e s  
a s  if c o m p o s e d  of s u b m i c r o s c o p i c  n o r m a l  c a l c i t e  p r i s m s  o r i e n t e d  w ith  
t h e i r  C a x e s  p e r p e n d i c u l a r  to  th e  s h e l l  s u r f a c e .  ( P l a t e s  3 -1 .  3 -2 .1
S m a l l ,  h a i r l i n e  p e r f o r a t i o n s  ( c a n a l ic u l t )  o r i e n t e d  n o r m a l  to  the  s h e l l  
s u r f a c e  a r c  v i s ib l e  in s o m e  f r a g m e n t s  a t  low m a g n if ic a t io n  ( P l a t e  2 2 - Ij,
H a r r in g to n  (1959, p. 86) fo l lo w s  S t d r m e r  (1930) anti K ie la n  (1954) in 
d e s c r i b i n g  t h r e e  l a y e r s  of th e  t r l l o b l t e  s h e l l :  (1) a th in ,  p ig m e n te d  o u te r
l a y e r .  (2) a m e d ia n  p r in c ip a l  l a y e r  w h ich  c o n s t i t u t e s  abou t 0. ? to  0. 8 of 
th e  w h o le  t h i c k n e s s  of the  s h e l l ,  an d  (3) a  th in ,  n o n -p ig m e n te d  in n e r  l a y e r .  
T h e  th in  o u te r  and in n e r  l a y e r s  h av e  b e e n  o b s e r v e d  In p a r t s  of s o m e  
s p e c i m e n s  ( P l a t e  22-21 but th ey  a r e  u s u a l ly  in c o n sp ic u o u s  ami c o n s i s t  of 
no m o r e  th a n  a  b o r d e r  none w h ich  a p p e a r s  s l ig h t ly  b r i g h t e r  th a n  th e  
p r in c ip a l  l a y e r  ( P l a t e  22-11 . L a m in a t io n  p a r a l l e l  to  th e  s h e l l  s u r f a c e  m ay  
b e  v i s ib l e  in the p r in c ip a l  l a y e r  of s o m e  w e a th e r e d  s p e c im e n s .
D is t in g u is h in g  F e a t u r e s  of T r i l o b i t e  S k e le to n s  
T h e  h o m o g e n e o u s  p r i s m a t i c  m i c r o s t r u c t u r e  of t r i l o b i t e *  Is  d i s t i n c ­
t i v e  and  d i s t i n g u i s h e s  th e m  f r o m  m o a t  o t h e r  o r g a n i s m s .  S m a l l  f r a g m e n t s  
of t h i n - s h e l l e d  t r i l o h t t e s  m a y  b e  c o n fu s e d  w ith  o s t r a c o d  v a lv e s ,  b u t  in  m o s t
c a s e s  the  tw o  c l a s s e s  c a n  b e  d i f f e r e n t i a t e d  on th e  b a s i s  of s h a p e  of th e
*
f r a g m e n t ,
T r i l o b i t e  s p in e s  a r e  d i s t i n g u i s h e d  f ro m  b r a c h io p o d  s p in e s  by t h e i r  
h o m o g e n e o u s  p r i s m a t i c  m i c r o s t r u c t u r e  ( P l a t e s  2 2 -3 ,  2 2 -4 ] ,  B ra c h io p o d  
s p in e s  ( P la t e *  3 3 -2 ,  33-31 a r e  c o m p o s e d  of tw o  c a r b o n a t e  l a y e r s  - - a  th in  
o u te r  l a y e r ,  w h ich  a p p e a r s  a*  a b r ig h t  r in d  in th in  s e c t i o n ,  an d  an  in n e r  
l a y e r  of f ine ,  r e g u l a r ,  c o n c e n t r i c a l ly  f o l i a te d  c a l c i t e .
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BRACHIOPODS
[ P la to n  8 - 1 ,  23, 2 4 ,  2 5 ,  26 , 27 , 28 . 23, 30 , 3 1 .  3 2 ,  33 , 34)
B ra e h io p o d s  a r e  a d i s t i n c t i v e  g ro u p  of s e s s i l e ,  b iv a lv e d ,  m a r i n e  
in v e r t e b r a t e *  w hich  r a n g e  f ro m  C a m b r i a n  to  R e c e n t .  T hey  a r e  c o m m o n  
f o s s i l s  in a l l  P a le o z o ic  s y s t e m s  hu t r a p id ly  d im in i s h  in  n u m b e r s  and  
o c c u r r e n c e  in  th e  la te  M e s o z o ic  and C e n o z o ic .
T he  tw o  v a lv e s  of a b r a c h io p o d  a r e  b i l a t e r a l l y  s y m m e t r i c a l  bu t a r e  
g e n e r a l ly  d i s s i m i l a r  in s i z e  and  s h a p e  ( P l a t e s  24, 25). T h e  v a lv e  th a t  
c o n ta in s  the  o r g a n  fo r  a t t a c h m e n t  is  u s u a l ly  th e  l a r g e r  and  is  t e r m e d  th e  
p e d ic le  v a lv e .  T he valve* w h ich  c o n ta in s  the  f o o d - g a th e r in g  m e c h a n i s m  is 
t e r m e d  th e  b r a c h i a l  v a lv e .  In p la n  v ie w , the  p o in te d  "b e a k  e n d "  of e a c h  
v a lv e  is  d e s ig n a t e d  a s  p o s t e r i o r ,  and  the  ro u n d e d ,  o p en  end is d e s ig n a t e d  
a s  a n t e r i o r .
Two c l a s s e s  of b ra c h io p o d *  a r e  r e c o g n i z e d . b a s e d  on th e  m a n n e r  in 
w hich  the  v a lv e s  a r e  u n i te d .  In one  c l a s s ,  th e  A r t i c u l a t a .  the  v a lv e s  u n i te  
a lo n g  a h in g e  line by m e a n s  of te e th  and s o c k e t s ,  in th e  o th e r  c l a s s ,  the  
I n a r t i c u l a t a ,  the  v a lv e s  a r e  he ld  to g e th e r  by m u s c l e s  o n ly ,  S u b o rd in a te  
c a t e g o r i e s  of the  c l a s s i f i c a t i o n  a r e  b a s e d  on th e  m o rp h o lo g y  of the  s h e l l s  
and of the  p e d ic le  o p e n in g .
Shell C o m p o s i t io n  and  M i c r o s t r u c t u r e
M tn e r a l o g i c a l l y . b r a c h io p o d  s h e l l*  c a n  be g ro u p e d  into e h i t in o -  
p h o a p h a t ic  s h e l l s  anti c a l c a r e o u s  s h e l l s .  C h i l in o p h o s p h a t ic  s h e l l s  a r e  
c o m p o se d  of c h l t in ,  c a lc iu m  p h o s p h a te ,  and  m i n o r  a m o u n ts  of c a l e i t e .
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All of the  a r t i c u l a t e  b r a e h io p o d s  have  c a l c a r e o u s  s h e l l s .  A few 
in a r t i c u l a t e  b r a e h io p o d s  p r o d u c e  s h e l l s  w h ich  a r e  p r e d o m in a n t ly  c a l c a r e o u s ,  
bu t m o s t  in a r t ic u la te ®  p r o d u c e  s h e l l s  of c h i t  In an d  p h o s p h a te .  T h e  ch i  t in  and  
p h o s p h a te  a r e  u n i f o r m ly  m ix e d  in s h e l l s  of s o m e  g e n e r a  b u t  o c c u r  a s  a l t e r ­
n a t in g  l a y e r s  In o t h e r s  {PI a  t e a  2 6 -1 ,  26-21. E i t h e r  ty p e  of c h t t ln o p h o s p h a t tc  
s h e l l  m a y  he  p e r f o r a t e d  by p o r e s ,  o r  p u n e ta e ,  of v a r i a b l e  d i a m e t e r  and  
d e n s i ty .
T h e  c a l c a r e o u s  s h e l l s  of a r t i c u l a t e  b r a e h io p o d s  c a n  be  a r r a n g e d  in to  
t h r e e  b r o a d  g ro u p s  on the  b a s i s  of s h e l l  m i c r o e t r u c t u r e  (C o o p e r ,  1944, 
p. 2Bl>. T h e  f i r s t  g ro u p ,  th e  im p u n c ta te  b r a e h io p o d s ,  h a v e  d e n s e ,  i m p e r ­
f o r a t e  s h e l l s .  In t h e  s e c o n d  g ro u p ,  th e  p u n c ta te  b r a e h i o p o d s ,  th e  s h e l l s  a r e  
p e r f o r a t e d  by s m a l l  p o r e s  th a t  w e r e  o n c e  o c c u p ie d  by p a r t s  of th e  l iv in g  
a n i m a l .  T h e  t h i r d  g ro u p ,  th e  p seu d o p u n  e ta  t e  b r a e h io p o d s ,  h a v e  I m p e r f o r a t e  
s h e l l s ,  bu t fo l ia  of th e  in n e r  s h e l l  l a y e r  a r e  i n t e r m i t t e n t ly  i n t e r r u p t e d  by 
s to u t  g r a n u l a r  r o d s  ( ta te o la c )  (W il l ia m s ,  1956, p . 251), o r  by s m a l l  c o n ic a l  
d e f l e c t io n s  (W il l i a m s  an d  R ow ell ,  1965, p. 7 1) w h ich  a p p e a r  a s  l a r g e  
d e p r e s s i o n s  on th e  s u r f a c e  of w e a th e r e d  o r  e x fo l i a te d  s p e c i m e n s .
R e p r e s e n t a t i v e s  of a il  t h r e e  g ro u p s  m ay  b e  c o m p o s e d  of tw o  c a r b o n a t e  
l a y e r s - - a  th in  o u t e r  ( p r im a r y )  l a y e r  and  a  th ic k  in n e r  ( s e c o n d a ry )  l a y e r .  A 
t h i r d  c a r b o n a t e  l a y e r  m a y  be  p r e s e n t  in s o m e  s p l r i f e r o i d s  an d  p e n t a m e r i d s  
( P l a t e s  2 4 -4 ,  34 -1 ) (W il l i a m s  1956, p .  249; W i l l i a m s  and  R ow ell ,  1965, p, 64),
T h e  o u te r  c a r b o n a t e  l a y e r  is  f a i r l y  u n i f o r m  in t h i c k n e s s  ( r a r e l y  g r e a t e r  
th an  0. 1 m m ) and  u s u a l ly  p r e s e n t  o v e r  th e  e n t i r e  s u r f a c e  in w e l l - p r e s e r v e d  
s p e c i m e n s  ( P l a t e  29-11. It is  found  on a b r a d e d  s p e c i m e n s  in p r o t e c t e d  a r e a s
b e n e a th  f r i l l s  a n d  g ro w th  l a m e l l a e  o r  In the  i n t e r s p a c e s  b e tw e e n  th e  
o r n a m e n ta l  r i b s  ( P l a t e  2 9 - 2 j. W hen v iew ed  In e i t h e r  lo n g i tu d in a l  o r  
t r a n s v e r s e  s e c t i o n s  of th e  s h e l l ,  th e  o u t e r  l a y e r  a p p e a r s  a s  a  b r ig h t  r in d  
in th in  s e c t i o n s  an d  p e e l s  and  a p p e a r s  to  c o n s i s t  of m i c r o s t r u c t u r a l  e l e m e n t s  
o r i e n t e d  p e r p e n d i c u l a r  to  th e  s h e l l  s u r f a c e .  In R e c e n t  s h e l l s  (R obbs  an d  
C loud , in C loud , 1942, pp. 2 3 -2 4 )  a n d  in s o m e  fo s s i l  s h e l l s ,  the  m i c r o -  
s t r u c t u r a l  e l e m e n t s  a r e  m in u te ,  v e r t i c a l ,  f i b e r l i k e  p r i s m s ,  in m o s t  f o s s i l  
s h e l l s  th e  o u t e r  l a y e r  is  a s h e e t  of r e c r y s t a l l i e e d  c a l c i t e  c o m p o s e d  of 
i r r e g u l a r ,  e lo n g a te ,  w ed g in g  c r y s t a l s  o r i e n t e d  w ith  t h e i r  lo n g  d im e n s io n  
in the  p la n e  of th e  l a y e r .  An a p p a r e n t  v e r t i c a l  o r i e n t a t i o n  of m i c r o a t r u c t u r a i  
e l e m e n t s  in th in  s e c t i o n s  m ay  b e  due  to  th e  (a c t  th a t  the  s e c t i o n  c u t s  s e v e r a l  
c r y s t a l s ,  to  c l e a v a g e  of th e  c r y s t a l s ,  o r  to  i r r e g u l a r i t i e s  p r o d u c e d  by g r in d in g .
T h e  In n e r  c a r b o n a t e  l a y e r  of m o s t  p u n c ta te  and  fm p u n c ta te  s h e l l s  is  
c o m p o s e d  of n u m e r o u s  c lo s e ly  p a c k e d ,  s l e n d e r  f ib e r s  (W il l i a m s ,  1956; 1966; 
W i l l i a m s  an d  R o w e ll ,  1965) o r  g e o m e t r i c  p r i s m s  in c l in e d  a n t e r i o r l y  f r o m  the  
b a s e  of the  o u te r  l a y e r  to  th e  in n e r  sh e l l  s u r f a c e .  At low m a g n if ic a t io n  
lo n g i tu d in a l  s e c t i o n s  of th o s e  sh e l l  f r a g m e n t s  r e s e m b l e  s t r a n d s  of h a i r  
( P l a t e  2 m- 11. In t r a n s v e r s e  s e c t io n  a t h igh  m a g n if ic a t io n ,  c r o s s  s e c t i o n s  
of the  f i b e r s  m ay  a p p e a r  to  hav e  a r e c t a n g u l a r  s h a p e  ( P l a t e s  3 0 -3 .  3 0 - 4 |  o r  
rh o m b ic  o r  p a e u d o r h o m b ic  s h a p e  ( P l a t e s  2 8 -3 ,  2 9 -3 ,  2 9 -4 ) .
T h e  p u n c ta e  in p u n c ta te  s h e l l s  t r a n s e c t  th e  in n e r  c a r b o n a t e  l a y e r  and  
p a r t  of the  o u t e r  c a r b o n a te  l a y e r  a p p r o x im a te ly  n o rm a l  to  the  c u r v a t u r e  of 
th e  s h e l l .  T h e  p r i s m s  of the  in n e r  c a r b o n a t e  l a y e r  a r e  d i s r u p t e d  by th e  
p e r f o r a t i o n s  an d  a r e  b en t  s l ig h t ly  u p w a rd  to w a rd  the  e x t e r i o r  of the  s h e l l
3 6
a s  th e y  m e e t  e a c h  p u n c ta  { P la te s  3 0 - 2 , 30 3 , 3 0 - 4}.
T h e  in n e r  c a r b o n a t e  l a y e r  of p s c u d o p u n c ta te  b ra c h io p o d *  m ay  b e  
c o m p o s e d  o f  th in ,  f la t ,  I a  t h - s h a p e d  p r i s m s  s i m i l a r  to  th o s e  in th e  o t h e r  two 
g r o u p s  o r  it m ay  h a v e  a  f o l i a te d  m i c r o s t r u c t u r e  c o m p o s e d  of th in  ( a p p r o x im a te ly  
0. 002 to  0. 005 m m ) c a i c i t e  l a m e l l a e  of i n d e t e r m i n a t e  w id th  a n d  le n g th .  P r i s m a  
a r e  found in s o m e  S t r o p h o m e n a c e o  ( W il l i a m s .  1953. p . 5 and  P la te  1. F ig u r e  7) 
a n d  h a v e  b e e n  o b s e r v e d  in s o m e  P l e c t a m b o n i t a c e a .
T h e  ro d s  o r  t a i e o l a e  w h ic h  c o n s t i tu t e  p a r t  of the  p s c u d o p u n c ta e  m ay  
a p p e a r  to  t r a n s e c t  a l l  o r  p a r t  of th e  in n e r  c a r b o n a te  l a y e r .  U sua lly  p s e u d o -  
p u n c la e  d ip  to w a rd  th e  a n t e r i o r  and  a r e  e x p r e s s e d  on th e  in n e r  s u r f a c e  of 
th e  s h e l l  a*  s m a l l  n o d e s  o r  s p i n e s .  T h e  l a m e l l a e  o r  p r i s m s  a r e  d i s r u p te d  
by th e  p s c u d o p u n c ta e  and  a r e  b e n t  to w a rd  th e  i n t e r i o r  of the  s h e l l  a s  they  
m e e t  e a c h  p s e u d o p u n c ta  ( P l a t e s  3 2 - 1, 3 2 -2 ,  3 2 - 3 | .  S om e p s e u d o p u n c ta te  
b r a e h io p o d s  m ay  h a v e  a " d im p l e d ” In n e r  s u r f a c e ,  e x t e r n a l  ho llow  s p in e s  on 
one  o r  b o th  v a l v e s , o r  an  o c c a s io n a l  hollow tu b u le  th a t  p a s s e s  th ro u g h  a 
p o r t i o n  of the  s h e l l  w a l l .  T h e  l a m e l l a e  o r  p r i s m s  a r e  b en t  u p w a rd  (o u tw ard )  
a r o u n d  d im p le s ,  s p in e s ,  and  tu b u le s .
D is t in g u i s h in g  F e a t u r e s  of B ra e h io p o d s  
C e r t a i n  g r o u p s  of b r a e h io p o d s  c o n ta in  l a r g e  In te rn a l  s t r u c t u r e s  th a t  
r e a d i ly  d i s t i n g u i s h  th e m  f r o m  o th e r  b iv a lv e s  w hen  s e e n  in c r o s s  s e c t io n  
( P l a t e s  23~e, 2 3 - f ,  24 -1, 2 4 -2 ,  2 4 -3 ,  2 4 -4 ,  3 4 -2 ) .  T h e s e  s t r u c t u r e s  a r e  
th e  in te rn a l  s p i r e s ,  the  c a l c a r e o u s  s k e le to n  of the  f o o d - g a th e r in g  m e c h a n i s m .
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l a r g e  h in g e  te e th  a n d  t h e i r  s u p p o r t in g  s t r u c t u r e s ,  th e  d e n ta l  l a m e l l a e ;  the  
s p o n d y t iu m .  a  s p o o n - s h a p e d  s t r u c t u r e  In th e  p o s t e r i o r  of th e  p e d i c le  v a lv e  
th a t  s e r v e d  l o r  m u s c l e  a t t a c h m e n t ;  th e  e r a  r a i l  urn, a  c o r r e s p o n d i n g  s t r u c t u r e  
In th e  b r a c h i a l  v a lv e ,  and  a  m e d ia n  s e p tu m ,  a  c e n t r a l l y  lo c a te d  r id g e  in one 
o r  b o th  v a lv e e .
T h e  t w o - l a y e r e d  s h e l l  a n d  th e  s l e n d e r ,  in c l in e d  r e c t a n g u l a r  o r  
r h o ro b o h e d ra l  p r i s m s  of th e  In n e r  c a r b o n a t e  l a y e r  in the  p u n c ta te  and  Im p u n c ­
ta t e  g r o u p s  id e n t ify  s m a l l  f r a g m e n t s  a s  " b ra c h io p o d .  " T h e  f ine ,  r e g u l a r  
fo l ia t io n  a n d  th e  p r e s e n c e  of p e e u d o p u n c ta c  d i s t i n g u i s h  f r a g m e n t s  of p s e u d o -  
p u n c ta te  b r a e h io p o d s  f ro m  fo l ia te d  p e le c y p o d s .
T h e  m a j o r  g ro u p s  of b r a e h io p o d s  anti t h e i r  known c o m p o s i t io n  and  




























SUMMARY TABLE OF MAJOR BRACHIOPOD SUPER FAMILIES, 
THEIR COMPOSITION AND MICROSTRUCTURE
[ P repared  from information given by Ager, at aJ. (1SMI5>
"■Systematic Descriptions*’ in Treatise on Invertebrate Paleontology, 
Part H. Br acfatpoda. Univ. of Kaneaa Preea and Oeol. 8oc. Atner.)
Tax* Composition M lcroetruotare
ORDER UNGUUDA 
Lingulace*




















C alcareo u s  
(except Euconuiua >


















Table 3 (coo t'd , )
C om poettion
ORDER ORTHIDA 
S uborder O rth id lna
IM Uingaellaee* C a lcareo u s
O rth ac e a  C a lcareo u s
E d e lc ta c e * . C a lcareo u s
Suborder C litam bon itid ina
C illam bon ttacea  C a lcareo u s
C»onambonltacea C a lcareo u s
S uborder T r tp lesltd tn*
T rip le s  taoea C a lcareo u s
ORDER UNCERTAIN
Suborder DictyoneUldirui
E icbw ald lacea  C a lcareous
ORDER STROPHOMEN1DA 
Suborder S* ropbom enxii na
P lec tam b o e itacea  C a lcareo u s
S trophom enacea  C a lcareo u s
Dev ids ana cea C alcareous
Suborder Cbooettdin*
C honetaeea C a lcareo u s
C adonvellacea C a lcareo u s
Suborder Product! na
S tro p h a lo slacea  C a lcareo u s
Hi ebtof e n laces  C a lcareo u s
P rodue tacea  C a lcareous
Suborder O ldham lntdina
Lyttoniacea C a lcareous











Im punctate In 
o ld er s to ck s

















T able  .1 (corrt’d , I
Com poeition M icro* tructure
ORDER PENTAMERIDA 
S uborder Syntrophlkhn*
Poram bon itace*  ( ' x lca reoua
S uborder P cn tam er tdtan*
PenUuneracea taicareou*
ORDER RItY NCHONE LLIDA
R hynchonellaeea (a lo a re o u a
S trn o a c ism a ta c e a  C a lcareo u s
R byncboporaoea C a lcareo u s
ORDER SPIRJ FEIUIJA 
S uborder A trypidm a
A irypaee*  C a lcareo u s
D aytacea C a lcareo u s
S u b o rd er K etzlidin*
Ret xi a re*  C alcareous
Athvr t * I mace » Cal c a r  eoua
Suborder Athvr iduiin*
Alhyr tdacea C alcareous
K onm ckinacea < a le a re o u s
Suborder S p irtfen d tn a
C v r t i a c e s  ( ’ a l m r m i i s
j
Sue** t a re a  (’alcarwKM
S ptrile  race*  C a l c a r e o u s
S p irife rfn ac e a  C a lcareous














Commonly Punctate  
t except seem ing ly  
Im punctate Sueaaidac)
(.jenerally  im punctate  
(except punc ta te  
S y rin fo th y rtd ln ae l





ta b le  3 (cont'd. i
C om position
f JRDER TERR BRA TV (JIM 
Suborder C entroneilid tn*  
$t rtnK ocephaljteea  
Suborder T ercb ra tu ltd tn a  
Dlela# m i ta cm  
Te r  eb r alula <-ea 
| Suborder terebr;m >H  u l i n a
I Crvptoncllace-a
\
i Z e il le r ta c e a
j
I T e r  r«b r a t  e l l  a c e  s
I c m n i:R  \ n c k r t a i s
i
j S u b o r d e r  T b e r u l e i d t r w a
■ T b e c i d r a o e a
L.
C alcareous




( a le a re o u s
f ' a l c a r e i  s u s










( P l a t e s  35, 36, 37, 38, 39. 40, 4 1 1
B ry o z o a  a r e  c o lo n ia l ,  a l m o s t  e x c l u s i v e ly  m a r i n e  o r g a n i s m s  th a t  
r a n g e  f ro m  O r d o v ic ia n  to  R e c e n t ,  A few f r e s h  w a t e r  g e n e r a  o c c u r ,  bu t 
t h e s e  a r e  m a in ly  c o n f in e d  to  th e  R e c e n t ,
T h e  c o lo n ie s  a r e  g e n e r a l ly  s m a l l ,  u s u a l ly  1 o r  2 c e n t i m e t e r s  in 
d i a m e t e r ,  bu t r a r e l y  m ay  be  a s  l a r g e  a s  60 c e n t i m e t e r s  in d i a m e t e r  
{M oore , f l i c k e r .  am i F i s c h e r ,  1952, p. i56 ) .  W hen s e e n  in th in  s e c t io n ,  
they  a p p e a r  a s  l a c y  n e tw o r k s ,  a s  th in  e n c r u s t a t i o n s  on o th e r  f o s s i l s ,  a s  
ro w s  of s m a l l  b e a d s ,  a s  t r i a n g l e s . w h e e ls ,  d i s c s ,  o r  s p i d e r l i k e  w e b s ,  and  
s o m e t i m e s  a s  m a s s i v e  s c r e w l i k e  o b je c t s .
M in e ra l  C o m p o s i t io n  and  S t r u c t u r e  
E a c h  co lo n y  ( z o o a r iu m )  c o n s i s t s  of a n u m b e r  of c lo s e ly  p a c k e d ,  
u n i fo rm ly  s m a l l  { a v e ra g e  d i a m e t e r  l e s s  th a n  I m m ), s l e n d e r  tu b e s  (zo o ec ia )  
w h ich  h o u s e s  the  in d iv id u a l  l iv in g  o r g a n i s m s .  T r a n s v e r s e  s e c t i o n s  of the  
tu b e  m a y  be ro u n d , ova l ,  o r  p o ly g o n a l .  T h e  tu b e s  m ay  be  op en  th ro u g h o u t  
t h e i r  len g th  o r  c o m p a r t  m o o te d  by s t r a i g h t ,  t r a n s v e r s e  p a r t i t i o n s  ( d ia p h ra g m s )  
o r  by c u r v e d  p a r t i t i o n s  ( c y s t i p h r a g m s )  ( P l a t e s  35, 3 6 -3 .  3 7 -2 ,  3 7 -3 ,  3 7 - 4 j.
T h e  z o o e c ta l  w a l l s  m a y  be c o m p o s e d  of m e m b r a n o u s  m a t e r i a l ,  c h i t  in, 
o r  c a l c iu m  c a r b o n a te ,  A s k e le to n  of c a lc  l ie  ami a r a g o n i t e  h a s  b e e n  r e p o r t e d  
f ro m  the  R e c e n t  S c h iz o p o r e i l a  un i c o r n i s  (Jo h n s to n )  (L o w e n s ta m .  1954, 
p .  306) an d  a p p a r e n t ly  o c c u r s  in o th e r  R e c e n t  s p e c i e s  ( s e e  Dodd, 1967, 
p. 1320). T h e  r e t a in e d  m i c r o s t r u c t u r e s  in m o s t  f o s s t i  B ry o z o a  in d ic a te  th a t
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th e y  w e r e  o r ig i n a l l y  c o m p o s e d  of c a l c i t e .
S t r u c t u r a l l y , th e  c a l c iu m  c a r b o n a t e  in f o s s i l  B rv o z o a  m a y  b e  In the  
f o r m  of m in u te  c a l c i t e  g r a n u l e s  {P l a t e s  3 7 -4 ,  41-31 o r  t in y  i m b r i c a t i n g  
c a l c i t e  p l a t e s  ab o u t  0 ,0 0 1  m m  th ic k ,  c o n c e n t r i c a l ly  a r r a n g e d  ab o u t  the  long  
a x i s  o l the  tu b e  ( P l a t e s  3 6 -2 ,  3 6 -3 ,  3 6 -3 ,  38-41 . G r a n u l a r  w a i l s  o c c u r  in 
th e  th i n - w a l l e d  i n t e r i o r  p a r t  (en d o zo n e )  of t r e p o e t o m e  am) c r y p t  o s  to m e  
c o lo n ie s  a n d  in th e  e n t i r e  s k e le to n  of s o m e  fo s s i l  e y e  toe t o m e s .  F o l ia te d  
w a l l s  c o m p o s e d  of i m b r i c a t i n g  c a l c i t e  p l a t e s  a r e  fouml in th e  o u te r  th i c k -  
w a l le d  p o r t i o n  (ex o zo n e )  of t r e p o s t o m e s  and  c r y p t o s t o m e s .
In s o m e  g ro u p s  of B ry o z o a  (c o m m o n ly  th e  t r e p o s  to m e s  and  c r y p t o ­
s t o m e s ) ,  th e  o u te r  portion of th e  z o o e c ia l  tu b e  is  c o n s t r i c t e d  by th ic k e n in g  
of the  z o o e c la l  w a l l s ,  w h ich  is  u s u a l ly  a c c o m p a n ie d  by c l o s e r  s p a c in g  of 
d i a p h r a g m s  and  the  a d d i t io n  of a c c e s s o r y  tul>e«.
O ne ty p e  of a c c e s s o r y  lu b e  ( m e s o p o r e )  is  p o ly g o n a l  in c r o s s  s e c t io n ,  
is  g e n e r a l ly  of s m a l l e r  d i a m e t e r ,  a n d  c o n ta in s  m o r e  c lo s e ly  s p a c e d  d i a ­
p h r a g m s  th a n  th e  z o o e c la l  tu b e s  | P l a t e s  33, 3 6 -2 ,  3 6 -3 ,  37-41. A n o th e r  
a c c e s s o r y  tu b e  ( a c a n th o p o rc )  is e x p r e s s e d  on th e  o u t e r  s u r f a c e  of the  co lony  
a s  a sm a ll ,  p o in te d  node o r  s p in e .  In t r a n s v e r s e  s e c t io n s  of th e  w a l l , 
a c a n ih o p o r e s  a p p e a r  a s  s m a l l ,  d a r k  n o d es  o r  b l i s t e r s  w ith  a  c e n t r a l  c l e a r  
a r e a  ( P l a t e s  3 8 -2 ,  3 8 -3 .  3 8 -4 ,  39-2.). M e s o p o r e s  a r t 1 found b e tw e e n  z o o e c ia ,  
w h e r e a s  a  c a n t  h o p e  re *  m ay  o c c u r  w ith in  the  z o o e c ia i  w all o r  c o m m o n ly  a t  the  
ju n c t io n  of x o o e c ia l  w a l l s .
T h e  la c y ,  f e n e s t r a t e  c r y p t o s t o m e s  h a v e  u n iq u e  w all s t r u c t u r e  and . fo r  
th i s  r e a s o n ,  h a v e  b e e n  s e t  o p a r t  a s  a new o r d e r ,  F e n e s t r a U  (E l ia s  and  C o n d ra ,
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1957, p . 35). T h r o e  fu n d a m e n ta l  e l e m e n t s  a r e  r e c o g n i z e d  w ith in  t h e i r  
f o s s i l  s k e l e t o n s  ( E l ia s  an d  C o n d ra .  1957, pp. 2 5 -2 6 ) ;  (1) a  c e n t r a l  p r i m a r y
w a l l ,  t e r m e d  th e  c o lo n ia l  p le x u s ,  (2) an  o u te r  o r g a n ic  d e p o s i t  ( s c l e r e n c h y m a )  
c o m p o s e d  of im b r i c a t i n g  c a l c i t e  p l a t e s ,  an d  (3) m in u te ,  c y l i n d r i c a l  c a l c i t e  
s p i c u l e s  o r  f i l a m e n t s  w h ich  t r a n s e c t  th e  s c l e r e n c h y m a  t r a n s v e r s e l y ,  p ro d u c in g  
a  d i s t i n c t  o u tw a rd  d e f le c t io n  of the  p l a t e s  [ P l a t e s  3 5 -b ,  4 0 -1 ,  4 0 -2 ,  4 0 -3 ,
4 0 - 4 | .  In th in  s e c t i o n ,  th e  c o lo n ia l  p le x u s  and  s p i c u l e s  a r e  t ig h t  in c o l o r  in 
o r d i n a r y  l ig h t ,  w h e r e a s  the  s c l e r e n c h y m a  is d a r k ,  t a r g e  a r e a s  of the  p le x u s  
e x t in g u is h  a s  a u n it .
D is t in g u i s h in g  F e a t u r e s  of B ry o z o a
G e n e r a l ly ,  B ry o z o a  c a n  be r e c o g n iz e d  in p o l i s h e d  s l a b s ,  th in  s e c t i o n s ,  
and  p e e l s  by t h e i r  c o lo n ia l  h a b i t  and  by the  fo l ia te d  o r  g r a n u l a r  m i c r o s t r u c t u r e  
of the  s k e le to n .  T hey  can  b e  d i s t i n g u is h e d  f ro m  c o lo n ia l  c o r a l s  by th e  r e l a t i v e ly  
s m a l l  s i z e  of th e  co lo n y  and  of the  ind iv idua l tu b e s .  B ry o z o a n s  d i f f e r  f r o m  
c o r a l l i n e  a lg a e  and  m o s t  co lo n ia l  c o r a l s  in th e  th ic k e n in g  of th e  w a l l s  and  
a p p a r e n t  c o n s t r i c t i o n  of the  z o o e c ia  I tu b e s  n e a r  th e  o u t e r  s u r f a c e ,  the  c h e v ro n  
o r  ”cone~  in - c o n e "  a r r a n g e m e n t  of the  c a l c i t e  p la t e s  in the  th ic k e n e d  p o r t io n  
of th e  w a l l ,  the  p resence*  of m e s o p o r e s  and a e a n th o p o r e a ,  and  th e  a b s e n c e  of 
v e r t i c a l  p a r t i t i o n s  o r  s p in e s  w ith in  th e  body c a v i t i e s .
W hen  cu t  t r a n s v e r s e l y ,  the  d i s t a l  end  of z o o ec ia !  tu b e s  m ay  a p p e a r  
t igh t in th in  s e c t i o n s  an d  p e e l s  if th e  a p e r t u r e  is s u r r o u n d e d  by a r im  of 
s t r u c t u r e l e s s  c a l c i t e  (the p e r i s t o m e )  [ P l a t e  4 i - 2 [ ,  o r  th e  tu b e  m a y  h av e  a 
d a r k  b o r d e r  if th e  p e r i s t o m e  is la c k in g  [ P l a t e s  3 6 -2 .  3H-4),
T h e  w a l l s  of the  b r y o z o a n  co lony  g e n e r a l ly  a p p e a r  d a r k e r  th a n  th e  
s u r r o u n d i n g  c a r b o n a te  m a t r i x  o r  o r g a n ic  f r a g m e n t  on w h ich  th e  co lony  
e n c r u s t s ,  p r o b a b ly  b e c a u s e  of the  m in u te  s i r e  and  a r r a n g e m e n t  of the  
ind iv id u a l  s t r u c t u r a l  e l e m e n t s .  T a b le  4 s u m m a r i z e s  th e  s t r u c t u r e s  of 
f ive  o r d e r s  of B ry o z o a  w ith  a  f o s s i l  r e c o r d .
T ub i f  4
tL.SBI.MTUt. CHARACTERISTICS O F  T H i; FIVE ORDERS O F  BRVOZOA WITH A FOSSM. RECORD
I Mudi I left fro m  S krock  and Tw enbofel 0  F M i, T ab le 7 -2 . pp 212- 21,1|
i F rom  Principle* of Invertebrate Paleontology' by Robert R , Shroch srwi W illiam  H. TWenhofel, 
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C O E L E N T E R A T E S  - C O R A L S  
{ P la te s  12-3 , 42. 43, 44, 45, 46, 47, 48, 49, 50, 51 |
C o r a l s  a r e  s o l i t a r y  o r  c o lo n ia l ,  e x c lu s iv e ly  m a r i n e  i n v e r t e b r a t e s  th a t  
r a n g e  f r o m  O r t io v tc la n  to  R e c e n t .  T h e  c o m m o n  g ro w th  f o r m  erf th e  s o l i t a r y  
c o r a l  s k e le to n  is d l s c o i d a l ,  c o n ic a l  1 P la t e  42J o r  tu b u la r .  C o lo n ie s  a r e  
m a s s i v e ,  h e m ts p h e r o ld a l .  c h a in l ik e ,  o r  b r a n c h in g  { P la te  43). T h e  co lo n ia l  
s k e le to n  m a y  be  c o m p o s e d  of o r g a n ic  m a t e r i a l  and  lo o s e ly  bound  c a l c i t e  
s p i c u l e s ,  o r  the  co lo n y  m ay  c o n s i s t  of n u m e ro u s  round  o r  po ly g o n a l  tu b e s  
bound  t o g e th e r  by s e c r e t e d  c a l c iu m  c a r b o n a te .
T h e  body c a v i ty  of th e  ind iv idua l c o r a i l i t e  is u s u a l ly  d iv id e d  by v e r t i c a l  
p a r t i t i o n s  ( s e p ta )  th a t  p r o j e c t  in w n rd  f ro m  th e  in n e r  w a l l .  G e n e r a l ly ,  the  
s e p t a  a r e  of tw o o r  t h r e e  s i z e s  th a t  a l t e r n a t e  in p o s i t io n  am i a r e  a r r a n g e d  
s y m m e t r i c a l l y  ab o u t th«? v e r t i c a l  a x i s .  In s o m e  f o r m s ,  a s in g le  s e p tu m  may­
be  e x p a n d e d  a t its  e x t r e m i t y ,  o r  s e v e r a l  s e p t a  m ay  u n i te  to  f o r m  a s o l id  c lu b -  
s h a p e d  a x ia l  s t r u c t u r e  ( c o lu m e l l a  o r  a x ia l  v o r te x )  ( P l a t e s  44- 3, 4 5 -1 ,  4 5 -2 ] ,
M ost f o s s i l  c o r a l  s k e le to n s  c o n ta in  f la t ,  in c l in e d  o r  g en t ly  c u r v e d  
t r a n s v e r s e  p a r t i t i o n s  ( ta b u la e )  th a t  s e r v e d  a s  s u p p o r t  of th e  ind iv idua l in its 
u p w a rd  g ro w th .  In a d d i t io n ,  s o m e  c o r a l s  c o n ta in  n u m e ro u s  s m a l l ,  a r c h e d  
p a r t i t i o n s  ( d i s s e p im e n t s )  In a zone  m a rg in a l  to  the  in n e r  w a ll .  S ep ta ,  t a b u la e ,  
a n d  d i s s e p i m e n t s  m a y  b e  e q u a l ly  d e v e lo p e d  in a e o r a l l i t e  ( P l a t e s  4 4 -1 ,  4 4 -2 ( .  
o r  omi, two, o r  r a r e l y  a l l  of the  s t r u c t u r e s  m ay  be la c k in g  ( P la t e  4 9 -3 ) .  In 
th e  two c o m m o n  g ro u p *  of P a le o z o ic  c o r a l s ,  the  H ugos a an d  T a b u la ta ,  s e p ta  
p r e d o m i n a t e  in the  f o r m e r ,  and  ta b u la e  p r e d o m i n a te  in th e  l a t t e r .  In s o m e  
t a b u la te  c o r a l s ,  th e  s e p t a  a r e  a b s e n t  o r  a r e  r e d u c e d  to  s m a l l  n o d es  o r
4ft
p o in te d  s p in e s  [P la t©  4ft~l}.
C o m p o s i t io n  and  M i c r o s t r u c t u r e  
R e c e n t  s c l e m c t i n i d  c o r a l s  a r e  c o m p o s e d  o f  f ine , f ib ro u s  a r a g o n i t e .
T h e  f ib e r s  a r e  a b o u t  0. 0 0 1 - 0 .0 0 2  m m  in th i c k n e s s  a n d  o c c u r  in c o m p a c t  
b u n d le s  o r  f a s c i c l e s  s i m i l a r  to  s p h e r u l i t e s  ( P l a t e s  12 -3 . 5 0 -1 .  5 0 -2 ,  5 0 -3 ,  
50 -4} . C r y s t a l l i s a t i o n  of a f a s c i c l e  is o u tw a rd  f r o m  a p o in t  c e n t e r  un ti l  th e  
f i b e r s  c o a l e s c e  w ith  th o s e  f r o m  a  n e ig h b o r in g  c e n t e r .
T h e  f a s c i c l e s  w h ich  c o n s t i t u t e  th e  m a jo r  p o r t i o n s  of th e  s e p ta  a r e  
u s u a l ly  s t a c k e d  on© on top  of the  o th e r  to  f o rm  a p i l l a r  ( t r a b e c u la )  [ P l a t e  42] 
w h ic h  Is s l ig h t ly  in c l in e d  in the  v e r t i c a l  plan© of th e  s e p tu m .  A s u c c e s s i o n  
of t r a b e c u l a e  a l ig n e d  in a row  f o r m s  the  c e n t r a l  p o r t io n  of a s e p tu m .  S m all  
f i b e r  f a s c i c l e s  c o m p le t e  th e  c o n s t r u c t io n  by l in in g  th e  o u te r  s u r f a c e s  of the 
t r a b e c u l a e  an d  by f o r m in g  th e  d i s s e p i m e n t s .
A lthough  the  d e t a i l s  of t h e i r  m i c r o s t r u c t u r e  a r e  o b s c u r e ,  f o s s i l  r u g o s e  
an d  ta b u la te  c o r a l s  a p p e a r  to  h a v e  beam c o n s t r u c t e d  in a s i m i l a r  m a n n e r .  T he 
o r ig in a l  c o m p o s i t io n  of r u g o s e  and  ta b u la te  c o r a l s  is not know n, but s o m e  
p ro b a b ly  c o n s t r u c t e d  t h e i r  s k e le to n s  of c a l c i t e  r a t h e r  th a n  a r a g o n i t e .  T h i s  is 
s u g g e s t e d  by t h e i r  g e n e r a l ly  good p r e s e r v a t i o n  an d  by t r a c e s  of c a l c t t i c  m i c r o  
s t r u c t u r a l  e l e m e n t s  w h ich  a r e  b e l ie v e d  to  be  o r ig i n a l ,  T h e  c o n c lu s io n  is 
s u p p o r te d  by the  d i s c o v e r y  of a e a l c t t i c  s k e le to n  (b e l ie v e d  to  be  the  o r ig in a l )
In the  rugose ' c o r a l  ix>phophyl 1 Id ium  p ro fu n d u m  in P e n n s y lv a n ia n  ro c k s  w h ich  
c o n ta in  both  c a lc  it ic and  a r a g o o i t t c  o r g a n ic  m a t e r i a l  (S teh li ,  1956, p. 1031).
A c o m p a r i s o n  of the  c h a r a c t e r i s t i c s  of th i s  s p e c im e n  w ith  oth«»rs of th e  g ro u p
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led S tehli to  c o n c lu d e  th a t  m o a t  r u g o s e  c o r a l s  had  th e  s a m e  m i n e r a l  
c o m p o s i t io n .
In th in  s e c t i o n  a t  low m a g n i f i c a t io n s ,  f o s s i l  r u g o s e  and ta b u la te  c o r a l  
s k e le to n s  h av e  a " f u z z y , "  ' ’f i b r o u s ” a p p e a r a n c e  {Plate*# 4 5 -1 ,  4 5 - 2 ,  4 7 -1 ,
4 7 -2 ,  4 8 - 1 ,  4 8 -2 ) .  T h e  f i b e r s  g e n e r a l ly  a p p e a r  to  b e  o r i e n t e d  n o r m a l  to  
th e  p la n e  of ta b u la e  and d i s s e p i m e n t s .  In th e  s e p t a ,  th e  f i b e r s  m a y  a p p e a r  
to  be  o r i e n t e d  n o r m a l  to the  v e r t i c a l  p la n e  of a s e p tu m ,  o r  th ey  m a y  a p p e a r  
to  b e  d i r e c t e d  u p w a rd  and o u tw a rd  f r o m  th e  m e d ia n  v e r t i c a l  p la n e ,  Som e 
ru g o s e  and  ta b u la te  c o r a l s  hav e  a th in  s h e a th  (e p i th e e a )  of s e c r e t e d  c a lc iu m  
c a r b o n a te  on  th e  e x t e r i o r  of th e  s k e le to n .  T h e  e p i th e e a  a p p e a r s  a s  a  b r ig h t  
s t r u c t u r e l e s s  l a y e r  in th in  s e c t i o n s  am i p e e l s  [ P l a t e  4 6 -4 ) .
T r a b e c u l a r  s t r u c t u r e s  and  a l ig n m e n t  o f  "p o in t  c e n t e r s  o f  c r y s t a l l i z a t i o n ” 
a r e  a l s o  d i s c e r n i b l e  in s o m e  g e n e r a  w hen s e e n  in th in  s e c t i o n .  In o r d i n a r y  
t r a n s m i t t e d  l ig h t ,  a l ig n m e n t  of th e  c e n t e r s  of c r y s t a l l i z a t i o n  p r o d u c e s  a 
s e r i e s  of in c l in e d  th in ,  " d a r k  z o n e s "  in th e  v e r t i c a l  m e d ia n  p la n e  of a s e p tu m ,  
an d  a l ig n m e n t  of th e  t r a b e c u l a e  p r o d u c e s  a s in g l e  c e n t r a l  d a r k  zone  in the 
h o r iz o n ta l  p la n e  [ P l a t e s  4 5 -2 ,  4 6 -5 .  4 7 -1 ,  4 7 - 2 ,  5 0 -1 ,  5 0 -2 ) .  In r e f l e c te d  
l ig h t ,  the  s a m e  zo n e  a p p e a r s  ch a lk y  w h ite .  B ry a n  an d  Hill (1941, p. 80) have  
e x p la in e d  th is  o p t ic a l  e f fe c t  fo r  R e c e n t  c o r a l s  a s  the  r e s u l t  of e x t r e m e l y  fine 
g r a i n  s i z e ,  B i re n h o ld e  (1961) b e l i e v e s  th a t  th e  e f fe c t  in s o m e  ru g o s e  c o r a l s  
is c a u s e d  by o r i e n t a t i o n  of the  f ib e r s  p e r p e n d i c u l a r  to the  s e c t i o n .  W a in w rig h t
(1964) found a s l ig h t ly  lo w e r  p e r c e n t  of a r a g o n i t e  p e r  un it  v o lu m e  a t th e  c e n t e r s  
of c a l c i f i c a t io n  in a R e c e n t  H c le r a e t in id  c o r a l  ami co n c lu d e d  th a t  t h e r e  m u s t  
h av e  b e e n  a h ig h e r  p r o p o r t i o n  of s o lu b le  o r g a n ic  m a t e r i a l  at th e  c e n t e r .  The
la rg e  s u r f a c e  a r e a  o f fe re d  by the  e x t r e m e ly  f in e - g r a in e d  c r y s t a l s  of 
a r a g o n i t e  in the  c e n t e r s  of c r y s t a l ! t r a t i o n  he  b e l ie v e s  would in c r e a s e  the  
am o u n t of a d s o rb e d  w a te r  on c r y s t a l  s u r f a c e s  and th is  would c o n t r ib u te  to 
th e  o b s e r v e d  o p t ic a l  p r o p e r t i e s .
W hen s e e n  a t  h igh  m a g n if ic a t io n ,  so m e  r u g o s e  and  ta b u la te  s k e le to n s  
a p p e a r  to  c o n s i s t  of c o m p a c t ,  c l e a r  c a lc i t e  g r a in s  o r  f la k e s  (Wang, 1950, 
p. 183) 1 P la te s  4 6 -1 ,  1 6 -2 ,  1 0 -3 ,  46-11. In p a r t s  of s o m e  s k e le to n s  
(g e n e ra l ly  th e  w a lls  and  o u te r  s u r f a c e s  of the  s e p ta ) ,  the g ra in #  a p p e a r  to 
be e lo n g a te  and i r r e g u l a r l y  c u rv e d .  T h e i r  en d s  abut a g a in s t  e a c h  o th e r ,  
anti the  g r a in s  o f ten  d is p la y  a p r e f e r r e d  o r i e n t a t i o n  fo llow ing  the  c o n to u r  
of the  s k e le to n  {P la te  46-21.
The a p p a re n t  a r r a n g e m e n t  of the m l c r o s t r u c t u r a l  e le m e n t#  at low 
m a g n if ic a t io n  anti b e tw e e n  c r o s s e d  n ic o ls  is r e p r o d u c e d  in m e m b e r s  of the  
s a m e  g en u s ,  s u b fa m i ly ,  o r  f a m i ly .  I l lu s t r a t io n s  and d e s c r ip t i o n s  of r u g o s e  
c o r a l  s t r u c t u r e #  can  be  found in Wang (1950i, K ato  (1963), and S t r e i 'n ik o v
(1965). .Sys tem atic  d e s c r i p t i o n s ,  i l l u s t r a t i o n s ,  ami f u r th e r  r e f e r e n c e #  to 
all g ro u p s  of c o ra l#  can  be  found in a r t i c l e #  by B a v e r ,  H ill ,  W e l ls ,  ami 
S tum m  in The T r e a t i s e  on I n v e r t e b r a te  P a leon to logy  (1956),
D is t in g u ish in g  F e a tu re #  of CoraJ S k e le to n s  
F o s s i l  co lo n ia l  e o ra !  s k e le to n s  can  b e  d is t in g u is h e d  f ro m  B ryo /.oa  
s k e le to n s  by th e i r  te n d en cy  to  fo rm  la rg e  c o lo n ic s ,  the l a r g e r  s i r e  of the  
body c a v i t i e s , the p r e s e n c e  of m a le s ,  s p in e s ,  ami s e p ta  p r o je c t in g  into the  
body ca v i ty ,  th e i r  r e la t iv e ly  th ic k ,  u n ifo rm  w a l l s ,  ami by the  p r e s e n c e  of 
p o re#  in the  w all#  of s o m e  f a m i l i e s .  A few B ry o z o a  c o n ta in  m u r a l  p o r e s
(S p jo ld n a e s ,  1963, p. 66, and  P la t e  10. F ig u r e  1) b u t  t h e s e  s e e m  to  be  
th e  e x c e p t io n  r a t h e r  th a n  th e  r u l e .
T h e  w all r o i c r e s t r u c t u r e  am i g e n e r a l  a r c h i t e c t u r e  of th e  s k e le to n  
d i s t i n g u i s h  c o lo n ia l  c o r a l s  f r o m  s t r o m a t o p o r o l d s  and  c o r a l l i n e  a lg a e .
S o l i t a r y  c o r a l s  a r e  d i s t i n g u i s h e d  f r o m  ru d la t  b iv a lv e *  by t h e i r  
s y m m e t r y ,  the  p r e s e n c e  of m u l t ip le  s e p t a  p r o j e c t in g  in to  th e  body c a v i ty ,  
the  p r e s e n c e  of a c o lu m e l l a  o r  v o r te x  in s o m e  s p e c im e n s ,  and  th e  f ib ro u s  
a p p e a r a n c e  of the  c o r n l l i t e  w a l l .
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C O E L E N T E R A T E S  -  STROM A TOPOROEDS 
I P la te *  52, S3)
S t r o m a to p o r o ld s  a r e  m a r i n e  c o lo n  ini o r g a n i s m s  w ith  m a s s i v e ,  l a m i n a r ,  
c y l i n d r i c a l ,  o r  d e n d r o id  g ro w th  h a b i t s .  T h e  c o lo n ie s  o c c u r  f r e e  o r  a s  e n c r u s ­
ta t io n s  in t e r g r o w n  w ith  c o r a l s ,  a lg a e ,  w o r m s ,  am i o th e r  c o lo n ia l  o r g a n i s m s .  
W h o le  s t r o m a t o p o r o i d  c o lo n ie s  r a n g e  in s i z e  f r o m  a  f r a c t io n  of an  inch to  
" c a b b a g e h e a d "  s t r u c t u r e s  s e v e r a l  fee l  in h e ig h t  and  d i a m e t e r .  L e c o m p te  
(195G, p. 127) l i s t s  the  g e o lo g ic  r a n g e  of s t r o m a to p o r o id *  a s  C a m b r ia n  to  
C r e t a c e o u s .  St, J e a n  (1957, p. 836) b e l i e v e s  th a t  the  t r u e  s t r o m a t o p o r o l d s  
r a n g e  only  f r o m  M iddle  O rd o v ic ia n  to  U p p e r  D ev o n ian  and  r e f e r s  the  la te  
P a le o z o ic  am i M e s o z o ic  f o r m s  to  the  S p h a e ra c t in o id e s i  and  H y d ro id c a ,  two 
o th e r  o r d e r s  of the  C o e l e n t e r a t a .
T h e  t a r g e  "c a b h a g tsh e a d "  s t r u c t u r e s  a r e  c o m m o n  in the  m id d le  
P a le o z o ic  but d im in i s h  in s i z e  an d  o c c u r r e n c e  in th e  la te  P a le o z o ic .
M ost s t r o m a t o p o r o i d  c o lo n ie s  a r e  b u i l t  of c o n c e n t r i c ,  c a l c a r e o u s  
l a m in a e  s e p a r a t e d  by  t r a n s v e r s e ,  r a d i a l  p i l l a r s .  T h e  p i l l a r s  and  la m in a e  
m ay  be  e q u a l ly  d e v e lo p e d  o r  one  m ay  be  p r e d o m in a n t .  In s o m e  g e n e r a ,  the 
p i l l a r s  a r e  c o n t in u o u s  th ro u g h  s e v e r a l  l a m in a e  and  f o r m  a r e g u l a r  r e t i c u l a t e  
l a t t i c e w o r k  w ith  th e  l a m in a e .  In o th e r  g e n e r a ,  the  p i l l a r s  a r e  d is c o n t in u o u s  
a n d  i r r e g u l a r l y  d i s p o s e d .
T h e  s k e l e t o n s  m ay  be  ta n  o r  l igh t b ro w n  in c o lo r ,  o r  th e y  m ay  b e  b la ck  
an d  op aq u e  os a  r e s u l t  of c o n c e n t r a t e d  c a r b o n a c e o u s  m a t e r i a l .  T h e  l a m in a e  
m ay  c o n ta in  a f ine  a x ia l  l in e  of light c o l o r  in s o m e  s p e c im e n s  o r  of d a r k  c o lo r
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In o t h e r s .  L e c o m p ie  (1956. p . 112) b e l i e v e s  th e  l ig h t  c o l o r  Is th e  r e s u l t  
of b le a c h in g ;  S t. J e a n  (1957. p. H37) b e l i e v e s  th e  c o l o r  Is in h e re n t  a n d  a 
g e n e r i c  c h a r a c t e r i s t i c .
A n u m b e r  of s t r o m a t o p o r o i d  c o lo n ie s  c o n ta in  o c c a s io n a l  v e r t i c a l  
" c a n a l s ” ( a s t r o r h i z a e )  ( P l a t e s  53 -  1. 5 3 -2 ]  w h ich  b r a n c h  o u tw a rd ly  and  
t e r m i n a t e  on  th e  u p p e r  s u r f a c e  of th e  co lo n y  on th e  c r e s t s  o r  s i d e s  of 
p r o m i n e n t  n o d e s .  S om e lo w e r  P a le o z o ic  f a m i l i e s  w ith  a  c y l in d r i c a l  g ro w th  
h ab i t  c o n ta in  only  one  l a r g e  c e n t r a l  a s t r o r h i r a  w h ich  is d iv id e d  in to  c h a m b e r s  
by a r c h e d  ta b u la e .
S k e le ta l  M i c r o s t r u c t u r e  
la»com pte  (1956, pp . 11H-120) d e s c r i b e s  th e  m i c r o s t r u c t u r e  of 
s t r o m a t o p o r o i d  s k e le to n s  a s  c o m p a c t ,  c e l l u l a r ,  ami f ib r o u s .  All M e s o z o ic  
f o r m s  and  a  few P a le o z o ic  f o r m s  r e f e r r e d  to  the  S t r o r n a to p o ro id e a  by 
L e c o m p tc  a r e  r e p o r t e d  to  c o n ta in  r a d i a t i n g  o r  t r a n s v e r s e  f i b e r s  in th e  
l a m in a e  an d  p i l l a r s .  T h e  m a jo r i t y  of P a le o z o ic  g e n e r a  h a v e  a c e l l u l a r  
ty p e  of m i c r o s t r u c t u r e ,  w ith  " c e l l s "  c o m p o s e d  of r e g u la r ly  a r r a n g e d  o r  
a n a s to m o s in g  c a v i t i e s .  T he  c o m p a c t  type  is  a c tu a l ly  s t r u c t u r e l e s s  and  
c o n s i s t s  of d e n s e  c a l c i t e  d i s t i n g u i s h a b le  f r o m  the  c a l c i t e  m a t r ix  only  by 
i t s  " d u s ty "  o r  " d i r t y "  a p p e a r a n c e .
A m o r e  e l a b o r a t e  c l a s s i f i c a t i o n  of the  v a r io u s  m ic r o s t r u c tu r e ®  
r e c o g n iz e d  in s t r o m a to p o r o id *  In c lu d in g  bo th  p r i m a r y  a n d  s e c o n d a r y  
f e a t u r e s  is  g iv e n  by S t e a r u  (1966). An e x a m p le  of the  a p p l ic a t io n  of the
s tu d y  o f  s t r o m a t o p o r o i d  m i c r o s t r u c t u r e  to  a t  r a t i  g r a p h ic  p r o b l e m s  is  g iv e n  
by S t. J e a n  ( I9 6 0 ) .
D is t in g u ish in g  F e a t u r e s  of S t r o m a to p o r o id s  
S t r o m a to p o r o id s  can  b e  d i s t i n g u i s h e d  f r o m  F o r a m i n i f e r a  and  c o r a l l i n e  
a l g a e  by t h e i r  t e n d e n c y  to  fo rm  l a r g e ,  r e e f o id  c o lo n ie s  and  by  th e  p r e s e n c e  
of p i l l a r s  and  o p en  c h a m b e r s  r a t h e r  th a n  s o l id  v e r t i c a l  w a l l s  anti c lo s e d  
c h a m b e r s .  S t r o m a to p o r o id s  c a n  b e  d i s t i n g u i s h e d  f r o m  s p o n g e s  by t h e i r  
l a m i n a r  e n c r u s t i n g  h a b i t ,  th e  p r e s e n c e  of a s t r o r h i z a e ,  and  th e  a b s e n c e  of 
s p i c u l e s  w ith in  the  w a l l s .  T h e  g e n e r a l  a r c h i t e c t u r e  o f  the  s k e le to n  and the  
p r e s e n c e  of p i l l a r s  anti a s t r o r h i z a e  d i s t i n g u i s h  s t r o m a t o p o r o i d s  f ro m  
c o lo n ia l  c o r a l s .
F o r  i l l u s t r a t i o n s , d e la i  led  d e s c r i p t i o n s , c l a s s i f i c a t i o n ,  and pal coo -  
oology of s t r o m a t o p o r o i d s ,  the  r e a d e r  is  r e f e r r e d  to  G allow ay  anti St. J e a n  
(1957), G a llo w ay  (1957). L e c o m p te  (1 9 5 1 -1 9 5 2 ;  1956), L e M a l t r e  (1933). 
N icho lson  (1886. 1»89. 1891., 1892), and V a v o rs k iy  (1955).
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ECH tH O D ER M B  
( P la te n  54, 55, 56 , 57. 58, 59j
E c h in o d e r r o s  a r e  g r e g a r i o u s ,  e x c l u s i v e ly  m a r i n e  i n v e r t e b r a t e s  th a t  
in h ab it  a l l  ty p e s  of b o t to m s  f r o m  th e  in t e r t i d a l  xone to  th e  o c e a n  d e e p s .
T h e i r  g e o lo g ic  r a n g e  is  C a m b r i a n  to  R e c e n t .
T w o m a in  s u b d iv i s io n s  of th e  p h y lu m  a r e  r e c o g n i s e d  on the  b a s i s  of 
th e  o r g a n i s m 's  m o d e  of l i fe .  T h e  f i r s t  s u b d iv i s io n  ( P l a t e  54i is  c o m p o s e d  
of s t a l k e d  and  u n s ta lk e d  f o r m s  th a t  a r e  a t t a c h e d  to  th e  b o t to m  d u r in g  p a r t  
o r  a l l  of the  a n i m a l ' s  e x i s t e n c e .  T h e  c o m m o n  o r g a n i s m s  of th i s  g ro u p  a r e  
c y s to i d s ,  e d r i o a a t e r o i d a .  b l a a to id s ,  and  c r i n o i d s .  T h e  o th e r  s u b d iv is io n  
( P l a t e  571 h* c o m p o s e d  of f r e e - m o v in g .  b u r r o w in g  and  c r a w l in g  f o r m s  
r e p r e s e n t e d  m a in ly  by th e  s t e i l e r o k t e ,  e c h in o id s .  a n d  h o lo th u r ia n s .
T h e  body  of the  e c h i n o d e r m  m a y  b e  . . r o u n d e d  to  c y l in d r i c a l  o r  s t a r -  
l ik e  w ith  s i m p l e  a r m s  ( n e a r ly  a lw a y s  f iv e  o r  s o m e  m u l t ip le  of f ive  in n u m b e r )  
r a d i a t i n g  f r o m  a  c e n t r a l  d is k ,  o r  e l s e  b r a n c h e d  f e a t h e r y  a r m s  a r i s e  f r o m  a 
c e n t r a l  body . . , " {Hym an, 1955, p. 5).
D u r in g  l i f e ,  th e  body 1» e n c a s e d  In a tough, f ib r o u s  s k in  w hich  e n c l o s e s  
and  s e c r e t e s  a c a l c a r e o u s  s k e le to n .  T h e  s k e le to n  c o n s i s t s  e i t h e r  of c lo s e ly  
f i t te d  o r  i m b r i c a t i n g  po lygona l p l a t e s  of m a g n e a ia n  c a l c i t e  o r  of i s o la te d  
c a l c i t e  p i e c e s .  S ta lk e d  f o r m s  s e c r e t e  a s t e m  c o m p o s e d  of c e n t r a l l y  p e r f o ­
r a t e d  p l a t e s  ( c o tu m n a ls )  s t a c k e d  one  on top  of the  o t h e r .  C o lu m n a is  d is p la y  
a w id e  v a r i e ty  of c r o s s - s e c t i o n a l  s h a p e s  in c lu d in g  c i r c u l a r ,  p e n ta g o n a l ,  
q u a d r a n g u l a r ,  e l l ip t i c a l ,  and  c r e s c e n t i c  fo rm a  ( P l a t e s  54, 5 5 -1 ,  5 5 -2 ) .
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In a d d i t io n  to  e n c lo s in g  the  s k e le to n ,  th e  o r g a n ic  f i b e r s  p e r m e a t e  
e a c h  p la te  to  f o rm  a  r e g u l a r  m e a h w o rk .  T h e  c a l c i t e  w h ic h  f i l l s  th e  i n t e r ­
s t i c e s  of th e  m e a h w o rk  c o n s i s t s  of fu s e d  t r i r a d i a t e  p a r t i c l e s  w h ich  s h a r e  
th e  s a m e  c r y s t a l l o g r a p h i c  o r i e n t a t i o n  th ro u g h o u t  a  p la te ;  th u s ,  e a c h  p la te  
h a s  the  p r o p e r t i e s  of a  s in g le  c a l c i t e  c r y s t a l  ( P l a t e s  9 -1 ,  9 - 2 ,  5 5 -1 ,  5 5 -2 ,  
5 6 -1 .  5 6 -2 ,  5 8 -3 ,  5 8 -4 J .
Upon th e  d e a th  of the  o r g a n i s m ,  th e  o r g a n ic  f i b e r s  d e c a y ,  th e  r e s u l t i n g  
void is  f i l le d  w ith  c l e a r  s p a r r y  c a l c i t e ,  and  th e  p la te s  u s u a l ly  become* 
d i s s o c i a t e d .  B e c a u s e  of t h e i r  r o b u s t  s i n g l e - c r y s t a l  s t r u c t u r e ,  h o w e v e r ,  
th e  s h a p e  and  s o m e t i m e s  th e  a r c h i t e c t u r e  of th e  m e s h w o r k  of th e  ind iv idua l  
p la t e  a r e  w e ll  p r e s e r v e d .  W hole  s p e c i m e n s  of e c h i n o d e r m s  a r e  found 
o c c a s io n a l ly ,  but i s o la te d  p l a t e s  a r e  m o r e  p r e v a l e n t  a n d  a r e  p ro b a b ly  the  
m o s t  c o m m o n  o r g a n ic  f r a g m e n t s  e n c o u n te r e d  in m a r i n e  s e d i m e n t a r y  r o c k s .  
L o ca l  1 y in the  g e o lo g ic  c o lu m n ,  p a r t i c u l a r l y  in p a r t s  of th e  l a t e  P a l e o z o i c , 
a c c u m u la t i o n s  of d i s s o c i a t e d  c r in o i d  p la te s  p ro d u c e  l a r g e  t h i c k n e s s e s  of 
r o c k ,  a l m o s t  to  th e  e x c lu s io n  of o t h e r  o r g a n ic  r e m a i n s .  T h e  p la t e s  in 
t h e s e  a c c u m u la t io n s  a r e  o f ten  bound to g e th e r  by o v e r g r o w th s  of s p a r r y  
c a l c i t e  w h ich  fo rm  in o p t ic a l  c o n t in u i ty  w ith  e a c h  p la te ,  hi th in  s e c t io n ,  
th e  r e s u l t a n t  c r y s t a l s  c a n  be  d i s t in g u is h e d  f r o m  v o id - f i l l in g  s p a r r y  c a l c i t e  
by t h e i r  ' d i r t y " c e n t e r s - - t h e  o r ig in a l  e c h  inode  rm  f r a g m e n t  ( P l a t e s  56 -1 .  
5 6 - 2 | .
Echtnoids
In a s m u c h  a s  a l l  p l a t e - b e a r i n g  e c h i n o d e r m s  hav e  s i m i l a r  s k e l e t a l  
m i c r o s t r u c t u r e s ,  it is  u s u a l ly  im p o s s ib l e  to  m a k e  a  d i s t i n c t i o n  b e tw e e n  
th e  d i f f e r e n t  c l a s s e s  f r o m  th in  s e c t i o n s  of d i s s o c i a t e d  p l a t e s .  E c h tn o id s  
( s e a  u r c h i n s ,  h e a r t  u r c h i n s ,  an d  s a n d  d o l l a r s )  a r e  r e a d i ly  d i s t in g u i s h e d  
f r o m  the  o t h e r  c l a s s e s ,  h o w e v e r ,  by the  o c c u r r e n c e  of s p in e s  1 P l a t e s  57,
5 9 ” 1, 5 9 -2 ,  5 9 -3 .  5 9 -4 ,  6 0 -1 .  60-2J and  s o m e t i m e s  by p la t e s  w h ich  show  
a c o n s i d e r a b l e  r a n g e  of t e x t u r e  I P t a t e s  SH-3, 58 -4 ) ( J o h n so n ,  1951, p, 67),
T h e  t e s t  of th e  l iv in g  e c h in o id  Is c o v e r e d  w ith  s p in e s  th a t  g e n e r a l ly  
fa ll  in to  one , tw o. o r  t h r e e  s i z e  g r o u p s .  T h e  s m a l l e s t  s p in e s  m ay  be 
m in u te ,  h a i r l i k e  r o d s  l e s s  th a n  I m m  long , and  th e  l a r g e s t  s p in e s  m a y  
r a n g e  up to  i fool in le n g th .  T he  s p in e s ,  c o m m o n  to  a l l  m e m b e r s  of th e  
c l a s s ,  p r o j e c t  o u tw a rd  f r o m  tu b e r c l e s  on the  p l a t e s  an d  s e r v e  a s  p r o te c t io n ,  
lo c o m o t io n ,  o r  a s  a  m e a n s  of a n c h o r in g  the  o r g a n i s m .  T h ey  a r e  ty p ic a l ly  
s t r a i g h t  and  s l e n d e r  and  t a p e r  to  a a h a rp  o r  b lu n t  po in t ,  but th e y  m ay  be 
c u r v e d ,  s p a tu l a t e ,  c l u b - s h a p e d ,  o r  m u s h r o o m - s h a p e d .  In c r o s s  s e c t io n ,  
th e  s p in e s  a r e  c i r c u l a r  o r  t r i a n g u l a r .  T h e i r  o u t e r  s u r f a c e s  m ay  b e  s m o o th  
o r  b a r b e d .
T h e  m e s h w o r k  of o r g a n ic  f i b e r s  th a t  p e r m e a t e s  th e  s p in e s  is s o m e ­
t i m e s  i n t r i c a t e  and  Is u s u a l ly  d i f f e r e n t  f r o m  th a t  erf th e  p la te * .  W hen s e e n  
in c r o s s  s e c t i o n s ,  th e  m e a h w o rk  f o r m a  a r a d ia l  p a t t e r n  ab o u t a  hollow o r  
i r r e g u l a r l y  f a b r i c a t e d  c e n t e r .  T h e  c a l c i t e  f i l l in g  th e  i n t e r s t i c e s  is in o p t ic a l  
c o n t in u i ty  th ro u g h o u t  the s p in e ,  u s u a l ly  w ith  th e  C a x is  p a r a l l e l  to  th e  s p in e  
le n g th .
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H ee* c  (1901, p . 204) b e l i e v e s  th a t  s p in e  a r c h i t e c t u r e  c a n  b e  g ro u p e d  
in to  a r c h i t e c t u r a l  ty p e s  th a t  a r e  c h a r a c t e r i s t i c  of e c h in o id  f a m i l i e s  a n d  th a t  
th e  p a t t e r n  p r o d u c e d  is  c o n s ta n t  f o r  a l l  m e m b e r s  of th e  f a m i ly  f ro m  P a le o z o ic  
to  R e c e n t .  T h e  d e t a i l s  of th e  p a t t e r n  m a y  d i f f e r  a m o n g  s p e c i e s  of th e  f a m i ly ,  
b u t  t h e s e  a r e  a l s o  c o n s ta n t  f o r  th e  s p e c i e s  (H y m an . 1955, p. 428).
I l l u s t r a t i o n s  of c r o s s - s e c t i o n a l  p a t t e r n s  of s o m e  s p in e s  a r e  sh o w n  in 
P l a t e s  57. 59. 60.
Holothurians
T h e  s k e le t a l  e l e m e n t s  of h o lo th u r i a n s ,  o r  s e a  c u c u m b e r s ,  d i f f e r  f r o m  
th o s e  of th e  o th e r  c l a s s e s  of e c h in o d o r ro s  in th a t  they  c o n s i s t  of I s o la te d ,  
m i c r o s c o p i c ,  s i n g l e - c r y s t a l  e a l c i t e  p i e c e s  a b o u t  0 .0 5 -1  m m  In g r e a t e s t  
d im e n s io n .  T h e  p i e c e s  a r e  n a m e d  a f t e r  th e  o b je c t  th ey  r e s e m b l e  and  In c lu d e  
f o r m s  s u c h  a s  ’' a n c h o r s ,  h o o k s ,  w h e e ls ,  t a b l e s ,  b a s k e t s ,  s p e c t a c l e s ,  r o d s ,  
r a c q u e t s ,  l a d le s ,  d i s k s ,  p l a t e s ,  am i r o s e t t e s .  “ ( F r i z x e l  and  E x l in e ,  1955, 
p. 47).
A lth o u g h  u n d o u b te d  h o io th u r ia n  r e  m a in s  have  not been  id e n t i f ie d  f r o m  
r a n d o m  th in  s e c t i o n s  of r o c k  s a m p l e s ,  t h e s e  fo s s i l  f r a g m e n t s  a r e  o f ten  
r e c o v e r e d  f ro m  w a s h e d  s a m p l e s  and  o c c a s io n a l ly  f ro m  in s o lu b le  r e s i d u e s .  
R e g a r d in g  th e i r  r e c o g n i t io n .  F r i z  t e l  anti E x l in e  (1955, p. 47) s t a t e  th a t  
f o s s i l  h o io th u r ia n  s e l e r i t e s  "h av e  no d e f in i te  s t r u c t u r e  o r  c h a r a c t e r s ,  . 
t h a t  w ou ld  s e r v e  to  d i s t i n g u i s h  th e m  w ith  a b s o lu t e  c e r t a i n t y  f r o m  r e m a i n s  
of s o m e  o th e r  o r g a n i s m s .  T h e i r  id e n t i f i c a t io n  d e p e n d s  upon t h e i r  s i m i l a r i t y  
to  the  a c l e r l t e s  of R e c e n t  f o r m e ,  t h e i r  d i s s i m i l a r i t y  to  p a r t*  of o th e r  f o s s i l s  
a n d ,  in s o m e  c a s e s ,  t h e i r  s i z e  r a n g e .  ,T
I l lu s t ra t io n ®  of h o io th u r ia n  r e m a i n s  c a n  b e  found in F r i z z e !  a n d  
E x l tn e  (1955) and  In C r o n e i s  and  M c C o rm a c k  (1932).
D is t in g u i s h in g  F e a t u r e s  of E c h in o d e r r a s  
E c h in o d e r m  f r a g m e n t s  h a v e  o f te n  b e e n  m i s t a k e n  f o r  a l g a e ,  s p o n g e  
s p i c u l e s ,  a n d  a l c y o n a r l a n  c o r a l  s p i c u l e s .
A lthough  the  f in e ,  r e t i c u l a t e  n e tw o rk  of e c h i n o d e r m  p l a t e s  and  s p in e s  
r e s e m b l e s  th e  c e l l  s t r u c t u r e  erf s o m e  a lg a e ,  th e  e a l c i t e  c l e a v a g e  and  e x ­
t in c t io n  of e c h i n o d e r m  s i n g l e - c r y s t a l  m l c r o s t r u c t u r e  Is d i s t i n c t i v e .  T h e  
r e t i c u l a t e  n e tw o rk  a n d  s h a p e  of the  f r a g m e n t  d i s t i n g u i s h  e c h i n o d e r m  p la te s  
and  s p in e s  f r o m  s i n g l e - c r y s t a l  s p o n g e  s p i c u l e s  and  a l c y o n a r l a n  s p i c u l e s ,  
H o io th u r ia n  s p i c u l e s  m ay  be  c o n fu s e d  w ith  th o s e  of s p o n g e s  am i p o s s ib ly  
th o s e  of a l c y o n a r l a n  c o r a l s  in th in  s e c t io n .
MOLLUSKS
T he  p h y lu m  M o l lu s e a ,  th e  s e c o n d  L argest and  o n e  of the  m o s t  d iv e r s i f i e d  
ph y la  of i n v e r t e b r a t e s ,  c u r r e n t l y  in c lu d e s  e ig h t c l a s s e s :  (1) A m p h in e u ra  
c h i t o n s , (2) R iv a lv ia  - -  c l a m s ,  o y s t e r s ,  s c a l l o p s ,  and  m u s s e l s , (3) C a ly -  
p to m a t id a  ~~ h y o l i th id s ,  (4) C r i c o c o n a r i d a  - -  t e n t a c u l i t i d * , s t y l i o l i n i d s . e t c . ,  
<fi) G a s t r o p o d a  - -  s n a i l s ,  s l u g s ,  l i m p e t s ,  and p t e r o p o d s ,  (7) M onop 1 a c o p h o r a  
- -  " c a p - s h a p e d "  s h e l l s ,  (8j S cap h o p o d a  - -  tu s k  s h e l l s .
A lthough th ey  a r e  long ra n g in g  a n d  c o m m o n  lo c a l ly ,  the  A m p h in e u ra ,  
C 'a lv p to m a t id a ,  and Mo nop la c o p h o r  a a r c  not i l l u s t r a t e d  b e c a u s e  of lack  of 
a d e q u a te  m a t e r i a l .
M o tluak  s h e l l s  a r e  p r e d o m in a n t ly  c a l c a r e o u s  and a r e  g e n e r a l ly  m u l t i ­
l a y e r e d .  T hey  m a y  c o n s i s t  w ho lly  of e a l c i t e  o r  a r a g o n i t e ,  o r  l>oth m i n e r a l s  
m ay  o c c u r  to g e th e r  in the  s a m e  s h e l l  in a l t e r n a t i n g  l a y e r s .  U su a l ly ,  in 
s p e c i m e n s  in w h ich  th e  tw o m i n e r a l s  o c c u r  t o g e t h e r ,  a r a g o n i t e  f o r m s  the  
in n e r  l a y e r  of the  s h e l l ,  o r  an a r a g o n i t e  l a y e r  is i n t e r s p e r s e d  b e tw e e n  two 
e a l c i t e  l a y e r s .  T h e  only  known e x c e p t io n  to  th i s  r u le  is  found in R e c e n t  
s p e c im e n s  o f  th e  g a s t r o p o d  fa m i ly  H a l io t id a e ,  in w h ich  a l a y e r  of e a l c i t e  is 
s o m e t i m e s  found b e tw e e n  two a r a g o n i t e  l a y e r s  flvhiggitd, 1930, p, 239 and  
3(>0i. No s h e l l s  of l iv e  m o l lu s k s  a r e  know n to  h a v e  both  m i n e r a l s  in t im a te ly  
m ix e d  t o g e th e r  in th e  s a m e  l a y e r .
M ost R e c e n t  m o l lu s k s  have  s h e l l s  c o m p o s e d  w holly  of a r a g o n i t e .  F o s s i l  
s h e l l s  w ith  o r ig in a l  a r a g o n i t e  a r e  r e l a t i v e ly  c o m m o n  in  the  t 'e n o r o i o  and 
M e s o z o ic  b u t  a r e  r a r e  in th e  P a le o z o ic ,  w ith  the  e x c e p t io n  o f  th e  M ls s ia s ip p ia n
and  P e n n s y lv a n ia n  s y s t e m s  ( F i s c h e r  and  F in le y ,  1949, p . 1887; H a llam  and 
O 'H a r a ,  1962, pp . 27.7-274, N ew ell ,  19-17, p . 26 and  70; S te h l i ,  1956, pp . 
10 3 1 -1 0 3 2 ) .  I n a s m u c h  a s  a r a g o n i t e  is  an  u n s ta b le  f o r m  of c a lc iu m  c a r b o n a t e ,  
it d i s s o lv e s  a f t e r  b u r i a l  of th e  o r g a n i s m ,  fo r m in g  a void w h e r e  th e  s h e l l  o n c e  
w a s .  o r  It i n v e r t s  to  a  m o s a i c  of s p a r r y  e a l c i t e .
T he  o r i g i n a l  m i c r o s t r u c t u r e  is  g e n e r a l ly  w e ll  p r e s e r v e d  in s h e l l s  o r  
l a y e r s  of s h e l l s  w h ich  w e re  o r ig in a l ly  e a l c i t e .  T he  m i c r o s t r u c t u r e  of 
a r a g o n i t i c  s h e l l s  is  u s u a l ly  lo s t  d u r in g  r e p l a c e m e n t  but m a y  b e  p r e s e r v e d  
a s  r e l i c t  m i c r o s t r u c t u r e  w ith in  the  s p a r r y  e a l c i t e  m o s a i c .
M O LLU SK S - BIV A L V E S 
J m a t e s  61, 62, 63 , 64 , 65 , 66 , 6 7 ,  6 8 ,  69 , 70 , 71 , 72 , 7 3 .  7 4 .  75, 76 , 77)
T h e  B iv a lv ia  in c lu d e  m o b i le  o r  s e d e n t a r y  b iv a lv e  m o l lu s k s  th a t  l iv e  
in m a r i n e ,  b r a c k i s h ,  o r  f r e s h  w a t e r .  T h e i r  g e o lo g ic  r a n g e  is L o w er  
O rd o v ic ia n  to  R e c e n t .
T h e  two v a lv e s  a r e  u s u a l ly  convex  and  m a y  b e  of e i t h e r  e q u a l  o r  
u n eq u a l  s i / .e  and s h a p e .  S e d e n ta ry  b iv a lv e s  th a t  a t t a c h  t h e m s e l v e s  by 
c e m e n t in g  one  v a lv e  to  an  o b je c t  a r e  g e n e r a l ly  in e q u tv a lv e d ,  and  the 
a t t a c h e d  v a lv e  is u s u a l ly  th e  l a r g e r .  As a r u l e ,  e q u tv a lv e d  b iv a lv e s  hav e  
th e  s a m e  ty p e s  of l a y e r s  ami m i c r o s t r u c t u r e s  d i s p la y e d  in e a c h  v a lv e ,  
In e q u tv a lv e d  b iv a lv e s  m ay  o r  may not h av e  th e  s a m e  m i c r o s t r u c t u r e *  o r  
n u m b e r*  of la v e r*  in e a c h  v a lv e .
M ost b iv a lv e s  a r t i c u l a t e  a lo n g  a h in g e  line  by m e a n s  of te e th  and  
s o c k e t s ,  and  un ion  of the  two v a lv e s  is  s i m p l e ,  g e n e r a l ly  w ithou t o v e r l a p  
a lo n g  t h e i r  m a r g i n s .  T h e  a n i m a l s  a r e  b i l a t e r a l l y  s y m m e t r i c a l ;  the  p la n e  
o f  s y m m e t r y  p a s s e s  b e tw e e n  th e  two v a l v e s ,  p a r a l l e l  to  the1 h inge  l in e .  
E x ce p t  f o r  the  t e e th  and  s o c k e t s ,  e a c h  v av le  of an e q u tv a lv e d  b iv a lv e  is 
the  m i r r o r  im a g e  of th e  o t h e r .
S o m e  c o m m o n  f e a tu r e *  of m o rp h o lo g y  and r e f e r e n c e  p lan e*  of 
o r i e n t e d  th in  s e c t i o n s  a r e  sh o w n  in P la te  61.
T h e  body of the  b iv a lv e  is a t ta c h e d  to the  d o r s a l  p a r t  of e a e h  v a lve  
bv m ean *  of a f leshy  envelop*? t e r m e d  th e  m a n t le .  T h e  lo w e r  l im i t  of 
c o m p le te  a t t a c h m e n t  is m a rk e d  on th e  i n t e r i o r  of e a c h  v a lv e  bv a th in .
6.1
l i n e a r  s c a r  (p a l l ia !  l in e )  w h ich  a p p r o x im a te ly  p a r a l l e l s  th e  v e n t r a l  m a r g in  
{ P la te s  6 1 ,  621 - L o c a l ly ,  m u s c l e  t i s s u e  a t t a c h e s  th e  a n im a l  to  th e  s h e l l  
m o r e  f i r m l y  and  p r o d u c e s  a s c a r  on  the  I n t e r i o r  of th e  s h e l l ;  th e  m o s t  
p r o m i n e n t  s c a r s  a r e  f o r m e d  in th e  a r e a s  in w h ich  th e  c lo s in g  (a d d u c to r )  
m u s c l e s  a r e  a t t a c h e d .  As th e  a n im a l  g r o w s ,  th e  a d d u c to r  m u s c l e s  b e c o m e  
l a r g e r  and m i g r a t e  to w a r d  th e  v e n t r a l  m a r g i n ,  p ro d u c in g  a  t r i a n g u l a r  m u s c l e  
t r a c k  w hich  is  l a t e r  p a r t i a l l y  c o v e r e d  b y  th e  in n e r  c a r b o n a te  l a y e r .
M ost b iv a lv e s  h av e  tw o s u b e q u a l  a t id u c to r  m u s c l e  s c a r s - ~ o n e  lo c a te d  
in th e  p o s t e r i o r  p o r t i o n  am i th e  o th e r  lo c a te d  in the  a n t e r i o r  p o r t io n  of e a c h  
v a lv e .  O th e r s  h a v e  on ly  o n e  l a r g e ,  s u b c e n t r a l l y  lo c a te d  a d d u e to r  m u s c l e .  
B iv a lv e s  w ith  tw o a d d u c to r  m u s c l e s  a r e  g ro u p e d  a« d t m y a r i a n s , and th o s e  
w ith  only  o n e  a d d u c to r  m u s c l e  a r e  g ro u p e d  ax m o n o m y a r i a n a . In s o m e  
c a s e s ,  b iv a lv e s  w h ich  a r e  d i m y a r t a n  in th e  young g ro w th  s t a g e s  b e c o m e  
m o n o m y a r ia n  in th e  a d u l t  s t a g e  by  r e d u c t io n  in s i r e  and  u l t im a te  lo s s  of 
one  a d d u c t o r .
Shell  - L a y e r in g  
{ P la te  62)
K aeh v a lv e  o f  a b iv a lv e  c o n ta in s  a th in  o r g a n ic  c o v e r in g  (per  1 o s t r a c u m )  
and m u l t ip le  l a y e r s  of c a r b o n a t e .  T h e  p e r  ioa t r a c u m  c o n s i s t s  of eo n c h io l tn  
and  is r a r e t v  found in v e ry  o ld  f o s s i l  s h e l l s .  T h e  c a r b o n a te  l a y e r s  s o m e ­
t i m e s  r e t a i n  t h e i r  id e n t i ty  in s h e l l s  a s  o ld  a s  m i d - P a l e o z o i c .
T h e  s h e l l  l a y e r s ,  t h e i r  m in e r a lo g y  and  m i c r o s t r u c t u r e s  h av e  b e e n  
r e c o g n iz e d  fo r  m o r e  th a n  a h u n d re d  y e a r s ,  y e t ,  the  i n t e r r e l a t i o n s h i p  b e tw e e n
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th e m  h a s  b e e n  c o n fu s e d  by la c k  of u n i f o r m  d e s c r i p t i o n  and  u n eq u a l 
e m p h a s i s  on  one  o r  th e  o t h e r  a s p e c t  of th e  s h e l l .  T h e  c a r b o n a t e  l a y e r s  
h av e  b e e n  v a r io u s l y  d e s c r i b e d  In t e r m s  of t e x t u r e ,  l u s t e r ,  m ic  r o e  t r u e  l u r e ,  
m in e r a lo g y ,  s e q u e n c e  w ith in  th e  s h e l l ,  o r  t h e i r  r e l a t i o n  to  p a r t s  of the  
m a n t le .  A s e n s e  of o r d e r  a p p e a r e d  in  K ado  (1953) and  m a t e r i a l  I r e d  in th e  
f o r m  of new t e r m in o l o g y  in t ro d u c e d  by Q b e r l in g  (1955a , 1955b, 1964).
O b e r t i n g  (1955b, p p .  128-130; 1964, pp. 5 -6 )  d i s t in g u is h e d  b e tw e e n  
m a j o r  s h e l l  l a y e r s  d e p o s i t e d  by the  g e n e r a l  s u r f a c e  of th e  m a n t le  
( e c t o s t r a c u m ,  m e s o s t r a c u m .  and  e n d o s t r a c u m )  and  th o s e  d e p o s i t e d  o v e r  
m u s c l e  a t t a c h m e n t  a r e a s  (pa I Hal m y o s t r a c u m ,  a d d u c to r  an d  o t h e r  m y o a t r a c a )  
O b c r l i n g  (1955b, pp . 128-130) d e f in e s  t h e s e  l a y e r s  a s  fo llo w s ; 'T h e  
e c t o s t r a c u m  f o r m s  the  o u te r  s u r f a c e  of the  s h e l l ,  in c lu d in g  the  m a r g i n s .
T h e  m e s o s t r a c u m  e m e r g e s  on the  in n e r  s u r f a c e  o u ts id e  th e  p a l l ia !  l in e  and  
in c lu d e s  th e  h in g e .  T h e  e n d o s t r a c u m  f o r m s  th e  in n e r  s u r f a c e  w ith in  the 
p a l l ia )  l in e .  . th e  p a l l ia !  m y o s t r a c u m  {t»j a th in  d e p o s i t  s e c r e t e d  a t th e  
p a l l ia !  l in e  a n d  th e  a d d u c t o r  r o y o s t r a c a  j a r e |  s i m i l a r  d e p o s i t s  s e c r e t e d  in 
the  s c a r s  of th e  a d d u c to r  m u s c l e s . . . . A dd itiona l m y o e t r a c a !  d e p o s i t s  a r e  
f o r m e d  in th e  s c a r s  of I e s s e  r  m u s c l e s .  . . . "  In th e  fo llow ing  d e s c r i p t i o n s ,  
th e  e c t o s t r a c u m .  m e s o s t r a c u m ,  and  e n d o s t r a c u m  a r e  s o m e t i m e s  r e f e r r e d  
to  a s  th e  o u te r ,  m id d le ,  and  In n er  l a y e r s ,  r e s p e c t iv e l y ,  o r  s im p ly  as  
T h e  m a j o r  s h e l l  l a y e r s .  ” T h e  pal Hal m y o s t r a c u m  an d  a d d u c to r  m y o s t r a c a  
a r e  s o m e t i m e s  r e f e r r e d  to  a s  "the! m i n o r  s h e l l  l a y e r s .  "
T h e  a d d u c to r  m y o e t r a c a  a r e  p r o m i n e n t  only in s e c t i o n s  c u t  th ro u g h  
th e  m u s c l e  t r a c k  an d  h a v e  a p r i s m a t i c  m ic  r e s t r u c t u r e  In a l l  s h e l l s  e x a m in e d .
!n d i m y a r i a n  b iv a lv e s  a w l in m o s t  m o n o m y a r ia n  b iv a lv e s ,  th e  p a l l ia !  
m y o s t r a c u m  is a r e l a t i v e l y  in c o n s p ic u o u s  p r i s m a t i c  l a y e r  th a t  s e p a r a t e s  
th e  e n d o s t r a c u m  f r o m  th e  o t h e r  m a j o r  l a y e r s  and  d iv id e s  th e  s h e l l  in to  
u n e q u a l  p a r t s .  R a d ia l  s e c t i o n s  th ro u g h  th e s e  s h e l l s  w ith in  th e  p a l l ia !  tine  
p r o d u c e  s e e m in g ly  ' ' o n e - l a y e r e d ' ’ s h e l l s  if th e  m a jo r  l a y e r s  h av e  the  s a m e  
c o m p o s i t io n  and  m i c r o s t r u c t u r e *  "A  s e e m in g ly  tw o - l a y e r e d  s h e l l  m ay  
r e s u l t  f r o m  c o m b in a t io n  of the  o u te r  tw o im e«  e c t o s t r a c u m > o r  in n e r  two 
i m e s e n d o s t r a c u m i  m a j o r  l a y e r s . . . . '  ( O b e r l tn g ,  1955b. p .  128». S e e m in g ly  
" t h r e e - l a y e r e d ” s h e l l s  a r c  p ro d u c e d  if a l l  t h r e e  m a j o r  l a y e r s  hav e  d i f f e r e n t  
m i c ran  t r u c t  u r  e  s .
T h e  e c t o s t r a c u m  in " tw o - la y e r e d * ’ o r  " t h r e e - l a v e  r e d "  s h e l l s  c an  
u s u a l ly  be d i s t in g u is h e d  by its  c a l c i t i c  c o m p o s i t io n  in  c o n t r a s t  w ith  the  
a r a g o n i t i c  c o m p o s i t io n  of th e  o th e r  m a jo r  l a y e r s  o r  by its  h o m o g e n e o u s  
o r  p r i s m a t i c  m i e r o s t r u c t u r e  if the  e n t i r e  s h e l l  c o n s i s t s  of one  m i n e r a l .
T h e  o u te r  l a y e r  m ay  b e  s h a r p l y  d e l im i te d  f ro m  th e  m id d le  l a y e r ,  o r  the  
p r i s m a t i c  m i c r o H t r u e tu r e  of the  o u t e r  l a y e r  m ay g r a d e  d o w n w a rd  to 
a n o th e r  m i c r o s t r u c t u r e  in th e  m id d le  l a y e r .
S o m e  m o n o m v a r ia n  b i v a l v e s , s u c h  a s  (>wtrea a n d  I V c t e n . have  
m y o s tra c & l  l a y e r s  th a t  a r e  (Conspicuous b e c a u s e  of t h e i r  th i c k n e s s  ami 
p r i s m a t i c  o r  c r o s s e d - l a m e l l a r  a r a g o n i t i c  m i e r o s t r u c t u r e  a s  o p p o s e d  to 
th e  f o l i a te d  c a l c i t i c  m i e r o s t r u c t u r e  of th e  m a jo r  l a y e r s ,  M o n o m v a r ia n  
s h e l l s  of th i s  ty p e  a r c  s e e m in g ly  " t h r e e - l a y e r e d "  if the  s e c t i o n  c u ts  the  
s h e l l  th ro u g h  the  m y o s t r a c u m ,  o r  th ey  a r e  s e e m in g ly  " o n e - l a y e r e d "  if 
th e  s e c t i o n  c u ts  th e  s h e l l  o u t s id e  the  m y o s t r a c u m  ( p l a t e  S e e m in g ly
" o n e - l a y e r e d "  s h e l l s  m a y  b I bo  b e  p r o d u c e d  if th e  a r a g o n i t e  h a s  b e e n  
r e m o v e d  by  s o lu t io n .  F o u r  c a r b o n a t e  l a y e r s  a r e  a p p a r e n t  in s o m e  
p e c t in o td  m o n o m y a r ia n  s h e l l s  if th e  s e c t i o n  c u t s  th e  a d d u c to r  m u s c l e  
t r a c k .
' O n e - ,  " ’t w o - ,  "  ' t h r e e - ,  "  an d  ’t o u r - l a y e r e d "  s h e l l s  a r e  sh o w n  
in P l a t e s  62, 6 6 -3 ,  6 8 -1 ,  7 0 -1 .  7 0 -2 ,  7 3 -1 ,  7 3 -3 .  7 4 -1 ,  7 4 -2 ,  7 4 -3 ,
7 5 -1 ,  7 5 -2 ,  7 5 -3 ,  7 5 -4 ,  7 6 -1 .  77 -  1.
C o m p o s i t io n  and M i e r o s t r u c t u r e
S o m e  f a m i l i e s  o f  b iv a lv e s  h av e  s h e l l s  w h ich  a r e  c o n s t r u c t e d  in a 
c h a r a c t e r i s t i c  m a n n e r  th a t  is  c o n s t a n t  l o r  a l l  r e p r e s e n t a t i v e s  of th e  
f a m i ly .  O th e r  f a m i l i e s  e x h ib i t  a  r a n g e  of s t r u c t u r a l  and  m in e r a l  c o m ­
b in a t io n s .
R e p r e s e n t a t i v e s  of d i f f e r e n t  f a m i l i e s  m a y  c o n s t r u c t  t h e i r  s h e l l s  
a l m o s t  e n t i r e l y  of e a l c i t e .  e n t i r e ty  of a r a g o n i t e ,  o r  of both  m i n e r a l s  in 
a l t e r n a t i n g  l a y e r s .  In a sm u c h  a s  o r ig in a l  m i e r a e t r u c t u r e s  a r e  m o r e  ap t  
to  be r e t a in e d  in p r e d o m in a n t ly  c a l c i t i c  s h e l l s ,  th e  " m o s t  u s e f u l "  b iv a lv e s  
a r e  th o s e  th a t  c o n s t r u c t  t h e i r  s h e l l s  of one o r  m o r e  l a y e r s  of e a l c i t e .  T h e  
c o m m o n  c a l c i t i c  m i c r o s t r u c t u r e s  in b iv a lv e s  a r t ’ fo l ia te d ,  p r i s m a t i c ,  and  
h o m o g e n e o u s .  L e s s  c o m m o n  a r e  c r o s s e d - i a m e l l a r ,  g r a in e d ,  a n d  s i n g l e -  
c r y s t a l  m ic  r e s t r u c t u r e s .
F O L IA T E D  M IC R G S T R U C T l/R K  { P la te s  7. 6 7 -1 ,  7 0 -1 .  7 0 -2 ,  7 1 -1 ,  
7 1 -2 ,  7 1 -3 ,  7 2 -1 ,  7 2 -2 ,  7 2 -3 ,  7 3 -1 ,  7 4 -1 ,  7 4 -2 .  7 4 -3 ,  7 5 -1 ,  7 5 -2 .  7 5 - 3 |  
is  c h a r a c t e r i s t i c  of a  n u m b e r  of m o n o m y a r ia n  b iv a lv e s  (O b e r l in g ,  1955b,
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p, 129; 1964, pp . 3 8 -3 9 ) .  A lthough  a i l  m o n o ra y a r  ta n s  do  not h a v e  fo l ia te d  
l a y e r s ,  a  s h e l l  th a t  c o n ta in s  one  o r  m o r e  m a j o r  l a y e r s  of fo l ia te d  c a l c t t e  
is  l ik e ly  to  b e  a r e p r e s e n t a t i v e  of th e  m o n o m y a r ia n  O s t r e i d a e ,  P e c t ln id a c ,  
A n o m iid a e ,  S p o n d y lid a e ,  o r  L fm id a e .  F o l ia te d  m i e r o s t r u c t u r e  h a s  a l s o  
b e e n  r e c o r d e d  f r o m  d l r o y a r i a n  s h e l l s  b e lo n g in g  to  th e  g en u s  A u c e l la  
(B dgg tld ,  1930, p. 261), in w h ic h  fo l ia t io n  in th e  m a j o r  l a y e r s  a l t e r n a t e s  
w ith  c a l c i t i c  c r o s s e d - l a m e i  l a r  m i e r o s t r u c t u r e  i P l a t e  7 3 -3 ) .
E x c e p t  f o r  p r t a r o a t i c  a r a g o n i t e  m y o s t r a c a  (O b e r l  ing. 1956a. 1964. 
p. 15; S te n z e l ,  1963. pp . 2 3 2 -2 3 3 )  a n d  a  th in  o u t e r  p r i s m a t i c  c a l c t t e  l a y e r  
on the  f la t  v a lv e  of m o s t  o y s t e r s  [ P la to  6 7 -  lj m o s t  R e c e n t  and  fo s s i l  m e m b e r s  
of th e  O s t r e i d a e  h a v e  s h e l l s  c o m p o s e d  of i r r e g u l a r l y  fo l ia te d  e a l c i t e .  
E x c e p t io n s  in the  fa m i ly  a r e  found in s o m e  s p e c i e s  of O n rp h a e a  [ P l a t e s  
7 3 -1 ,  7 3 -2 )  th a t  c o n s t r u c t e d  th e i r  s h e l l s  of fo l ia te d  e a l c i t e  am i c r o s s e d -  
l a m e l l a r  e a l c i t e .
T h e  e a l c i t e  l a m e l l a e  w h ic h  c o n s t i tu te  the  fo l ia t io n  in th e  O s t r e i d a e  
u s u a l ly  o c c u r  In b u n d le s ,  s i m i l a r  to  b o o k s  of m ic a .  N e a r  the  e x t e r i o r  erf 
th e  s h e l l ,  th e  b u n d le s  of l a m e l l a e  a r e  s t e e p ly  In c l in e d  to  the  o u te r  s u r f a c e  
[ P l a t e  7 1-1). T o w a r d  the  m id d le  of the  l a r g e  v a lv e ,  the  b u n d le s  a r e  s o m e ­
t i m e s  ra n d o m ly  o r i e n t e d  in d i f f e r e n t  d i r e c t i o n s ;  s o m e  b u n d le s  a r e  h o r iz o n ta l ,  
s o m e  a r e  in c l in e d ,  and  s o m e  a r e  v e r t i c a l  [ P l a t e  7 1 - 3 ) .  T h e  b u n d le s  of 
l a m e l l a e  a s s u m e  a  n e a r ly  h o r iz o n ta l  p o s i t io n ,  a n d  fo l ia t io n  g e n e r a l l y  b e c o m e s  
m o r e  r e g u l a r  to w a r d  the  in n e r  s u r f a c e  of th e  s h e l l .
T h in ,  fo l ia te d  l a y e r s  c o m m o n ly  fo rm  a lo o s e ly  f a b r i c a t e d  la t t i c e w o r k  
of open  c h a m b e r s  In th e  o y s t e r  s h e l l s  [ PI a l e s  7 2 -2 ,  7 2 -3J ,  o r  c o m p a c t .
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h o r iz o n ta l ly  fo l i a te d  la y e r *  a l t e r n a t e  w ith  lo o s e ly  p a c k e d ,  " c h a lk y ” , 
v e r t i c a l l y  f o l i a te d  l a y e r s  [ P la t e  7 1 - 2 ] ,  In s o m e  f o s s i l  " o y s t e r s ” , the  
v e s i c u l a r  l a t t i c e w o r k  f o r m s  m a jo r  p o r t i o n s  of the  v a lv e s  [ P l a t e  7 2 -1 ] ,
R e c e n t  P e c t e n s  a n d  A n e m ia s  b u i ld  t h e i r  s h e l l s  of bo th  e a l c i t e  and  
a r a g o n i t e ,  bu t  s o m e  f o s s i l  r e p r e s e n t a t i v e s  m a y  h a v e  c o n s t r u c t e d  t h e i r  
s h e l l s  e x c lu s iv e ly  of a r a g o n i t e .  A d i s t i n c t  p r i s m a t i c  e c t o s t r a c u m  is 
p r e s e n t  on th e  r ig h t  v a lv e  of s o m e  A no  m Las a n d  P e c t e n s  (N ew e ll ,  1937, 
p . 25) a n d  on bo th  v a lv e s  of s o m e  o l d e r  ( p r o - J u r a s s i c )  f o r m s  of P e c t e n s  
(B dg g ild ,  1 930, p. 268). T h e  u p p e r m o s t  l a y e r  ( r o e s e c t o s t r a c u m  an d  in n e r  
l a y e r  ( e n d o s t r a c u m )  of the  le f t  v a lv e  of R e c e n t  P e c t e n s  and  A n e m ia s  c o n s i s t  
of fo l ia te d  c a l c t t e .  In th e s e  s p e c im e n s ,  th e  m in o r  l a y e r s  c o n s i s t  of c r o s s e d -  
l a m e l l a r  and  p r i s m a t i c  a r a g o n i t e  [ P l a t e  7S ~2 |.
S o m e  fo s s i l  p e c t in id s  h av e  m i n o r  l a y e r s  of p r i s m a t i c  ca lc iu*  o r  la c k  
t r a c e s  of th e  m in o r  l a y e r s  a l t o g e t h e r .  F o l ia t io n  in th e  c a l c i t i c  l a y e r s  of th e  
p e c t in id s  la  s o m e t i m e s  i r r e g u l a r ,  w ith  th e  l a m e l l a e  s te e p ly  in c l in e d ,  " s p i r a l l y  
tw i s t e d "  (O b e r lIn g ,  1955b, p. 130), o r  a r r a n g e d  in a " z tg ~ x a g "  p a t t e r n  
(B eg g ild ,  1930, p. 267) [ P la t e  74 - l[ .  F o l ia  in th e s e  s h e l l s  a r e  o r i e n t e d  
v e r t i c a l l y  w ith in  the  r i b  a r e a s  and  h o r i z o n ta l ly  w ith in  i n t e r r i b  a r e a s .  T h e  
" z i g - z a g "  p a t t e r n  s e e n  in r a d ia l  s e c t i o n s  is  the  r e s u l t  of the  s e c t i o n  i n t e r ­
s e c t i n g  bo th  r i b  and  t n t e r r l b  a r e a s
T h e  S p o n d y lid a e  and  s o m e  of th e  L im id a e  h av e  fo l ia te d  e a l c i t e  c o n f in e d  
to  the  o u t e r  l a y e r  ( e c t o s t r a c u m ) .  T h e  in n e r  tw o  m a j o r  l a y e r s  a r e  c o m p o s e d  
of c r o s s e d - l a m e l l a r  an d  c o m p le x  c r o s s e d - l a r o e i l a r  a r a g o n i t e .  F o l ia t io n  in 
th e  o u t e r  l a y e r  is  the  s a m e  fo r  a l l  r e p r e s e n t a t i v e s  of the  f a m i l i e s  an d  is
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s i m i t a r  to  th a t  found In th e  P e c t e n s  (Bt&ggild, 1930, p . 264 a n d  269).
P R IS M A T IC  C A I X I T E  M ICRCW TRU CTU RE ( P l a t e s  4 -1 .  4 -2 ,  4 -3 ,
6 6 -3 ,  6 6 -4 ,  6 7 -1 ,  6 7 -2 ,  6 7 -3 ,  6 8 -1 ,  6 8 - 2 j is  found in r e p r e s e n t a t i v e s  of 
th e  fo llo w in g  f a m i l i e s :  m o s t  P t e r i i d a e ,  P e r n i d a e ,  P ln n ld a e .  V u ls e l l Id a e .  
s o m e  O s t r e i d a e ,  s o m e  P e c t in id a e ,  s o m e  Mylciae, s o m e  C o n o c a r d i td a e ,  
s o m e  D ic e  r a t  id a e ,  M o n o p le u r id a e ,  s o m e  C ap  r  in id ae ,  R adio l I t id a e .  an d  
H ip p u r i t id a e  (f thgg i ld ,  1930), In m o a t  c a s e s ,  th e  p r i s m a t i c  c a l c t t e  f o r m s  
th e  e c t o s t r a c u m  of th e  s h e l l .  W ith  th e  e x c e p t io n  of th e  O s t r e i d a e .  s o m e  
P e c t in id a e ,  s o m e  P t e r i i d a e .  and  s o m e  M yidae ,  th e  o th e r  m a j o r  l a y e r s  of 
th e  s h e l l  a r e  a r a g o n i t e  o r ,  in fo s s i l  s h e l l s ,  a m o s a i c  of I r r e g u l a r l y  g r a in e d  
e a l c i t e  w h ich  s u g g e s t  th e  f o r m e r  p r e s e n c e  of a r a g o n i t e .  T h e  e a l c i t e  p r i s m s  
u s u a l ly  h a v e  a n o r m a l  p r i s m a t i c  m i e r o s t r u c t u r e ,  r a r e l y  a c o m p le x  p r i s m a t i c  
o r  c o m p o s i t e  p r i s m a t i c  m i e r o s t r u c t u r e .
H O M O G EN EO U S M IC R O S T R U C T U R E  I P l a t e s  6 6 -1 ,  6 6 - 2 |  is found in 
th e  o u t e r  e a l c i t e  l a y e r  ( e c t o s t r a c u m )  of s o m e  S p o n d y lid a e ,  m o s t  L im id a e ,  
and  m o s t  My t i l  Ida e .  A s  in the  f a m i l i e s  th a t  c o n ta in  a  p r i s m a t i c  e a l c i t e  o u te r  
l a y e r ,  the  o th e r  m a jo r  l a y e r s  of the  s h e l l  in th e s e  f a m i l i e s  a r e  c o m p o s e d  of 
a r a g o n i t e .  In s o m e  R e c e n t  m y t i l id a .  the  h o m o g e n e o u s  e a l c i t e  l a y e r  is  v e ry  
th in  anti is  i r r e g u l a r l y  d i s t r i b u t e d  o v e r  the  s h e l l .
C R O S SE D - L A M E L L A R  C A L C IT E  ( P l a t e s  7 3 -1 .  7 3 -2 ,  73-3J is  r e l a t i v e ly  
r a r e  In b iv a lv e s .  It i s  r e c o r d e d  in s o m e  P t e r i i d a e ,  s o m e  M yidae , and  s o m e  
O s t r e i d a e .  In e a c h  of th e s e  f a m i l i e s ,  th e  c r  u s  so d  - 1 a  m e  l i a r  e a l c i t e  g r a d e s  
d o w n w a rd  o r  l a t e r a l l y  to  fo l ia te d  e a l c i t e .
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G R A IN ED  C A L C IT E  M IC R O S T R U C T U R E  is  a s s o c i a t e d  w i th  h o m o ­
g e n e o u s  m i e r o s t r u c t u r e  In th e  b iv a lv e s  an d  m a y  o c c u r  in any  of the  h o m o ­
g e n e o u s  s h e l l s .  . '
S IN G L E -C R Y S T A L  M IC R O S T R U C T U R E  is found in a  s i n g l e  s p e c i e s  
of P c r n a  (B<%gtld, 1930. P- 251 and  262).
W ith  th e  e x c e p t io n  of fo l ia te d  a n d  s i n g l e - c r y s t a l  m ie  r e s t r u c t u r e s ,  a l l  
of th e  a b o v e  m i c r e s t r u c t u r e s  a r e  a l s o  found in a r a g o n i t i c  l a y e r s  of b iv a lv e s .
N a c r e  (by d e f in i t io n )  and  c o m p le x  c r o s s e d - l a m e l l a r  m i e r o s t r u c t u r e  a l s o  o c c u r  
in a r a g o n i t i c  l a y e r s .  T h e  r e l a t i o n s h ip s  of the  m i c r e s t r u c t u r e s  and  s t r u c t u r a l  
l a y e r s  in the  m a j o r  f a m i l i e s  of b iv a lv e s  th a t  c o n s t r u c t  t h e i r  s h e l l s  e n t i r e l y  of 
a r a g o n i t e  a r e  show n  In T a b le  5.
P E R F O R A T E  B IV A L V E S H E L L S  
j P l a t e s  7 7 - t ,  7 7 -2 ,  77 ~3(
T h e  s h e l l s  of s o m e  b iv a lv e s  a r c  p e r f o r a t e d  by long , s t r a i g h t ,  o r  gen tly  
c u r v e d ,  s l e n d e r  tu b u le s  s i m i l a r  to  th e  p u n c ta e  in p u n c ta te  b r a c h io p o d s .
T u b u le s  h av e  b e e n  r e c o g n  I ro d  by O b e r l  in g (1965a, 1955b, 1964), O ro o r i .
K o b ay aah l and  S h ib a ta  (1962), am i O m o r i  an d  K o b ay aab i (1963).
U nlike  p u n c ta e  o r  tu b u le s  in o th e r  p e r f o r a t e  s k e le to n s ,  the  tu b u le s  
In b iv a lv e  s h e l l s  m ay  p a s s  th ro u g h  bo th  m a jo r  and  m i n o r  l a y e r s  of th e  sh e l l  
w ith o u t d i s t u r b i n g  e i t h e r  th e  l a y e r s  o r  th e  m i e r o s t r u c t u r e .  A lthough  th i s  
m ig h t  s u g g e s t  th a t  th e y  a r e  s e c o n d a r y  f e a t u r e s  r e s u l t i n g  f ro m  s o lu t io n  o r  
b o r in g  by o th e r  o r g a n i s m s ,  t h e r e  is  a s y s t e m a t i c  d i s t r i b u t io n  of tu b u le s  
w ith in  a  s h e l l  and  w ith in  s h e l l s  of a fa m i ly .
O b e r l  ing  (1955b, pp . 129-130 ; 1964, pp . 17-18) r e c o g n i z e s  fo u r  ty p e s  
of p e r f o r a t e  b iv a lv e  s h e l l s ,  b a s e d  on d i s t r i b u t io n  of tu b u le s  In th e  d i f f e r e n t  
l a y e r s .  T h e  f i r s t  g ro u p  h as  tu b u le s  c o n f in e d  to  t h e  e n d o s t r a c u m  a n d  in c lu d e s  
s h e l l s  of th e  C h a m  id a e ,  Luc in  id a e ,  and  m o s t  My t i l  i d a e .
T h e  s e c o n d  ty p e  h as  tu b u le s  p a s s in g  th ro u g h  th e  e n d o s t r a c u m  and  
m e s o s t r a c u m  on ly . T h is  ty p e  of p e r f o r a t i o n  Is found in th e  C a r d  it id a e  and  
L yons  id a e .
T h e  th i r d  ty p e ,  r e p r e s e n t e d  by the  S p o n d y lid a e  and  L lm td a e ,  h a s  tu b u le s  
p r e s e n t  In a l l  t h r e e  m a jo r  l a y e r s .
T h e  fo u r th  ty p e ,  r e p  r e s e n  Uni by the  s u p e r f a m i ly  A r c a c e a ,  h a s  tu b u le s  
p e n e t r a t i n g  a l l  t h r e e  m a j o r  l a y e r s ,  bu t th e  p e r f o r a t i o n s  a r e  c o n f in e d  to  the  
a r e a  w tth in  the  pal Hal l in e .
T u b u le s  a p p a r e n t ly  a r e  not r e l a t e d  to  any  p a r t i c u l a r  m i e r o s t r u c t u r e .  
O b e r l in g  h a s  found th e  m o s t  r e g u l a r  r e l a t i o n s h ip  b e tw e e n  t h e i r  d i s t r i b u t io n  
a n d  m i e r o s t r u c t u r e  in s h e l l s  w ith  p r i s m a t i c  m i e r o s t r u c t u r e .  T h e  tu b u le s  
a s s o c i a t e d  w ith  th i s  m i e r o s t r u c t u r e  m ay  o c c u r  b e tw e e n  th e  p r i s m s  o r  w ith in  
th e  p r i s m s ,  but n e v e r  r a n d o m ly  in both  p o s i t i o n s  w ith in  the  s a m e  s h e l l .  
B e c a u s e  th ey  do not d i s t u r b  the  m i e r o s t r u c t u r e  of th e  s h e l l ,  tu b u le s  in 
b iv a lv e s  a r e  e a s i l y  o v e r lo o k e d  u n le s s  they  a r e  f i l le d  w ith  m a t r ix .
D is t in g u is h in g  C h a r a c t e r i s t i c s  of B iv a lv e  S h e l l s
T h e  b lv a lv e d  s h e l l s  d i s t i n g u i s h e s  th i s  c l a s s  f r o m  the  o t h e r  c l a s s e s  of 
m u l iu s k s .  I s o la t e d  v a lv e s  o r  f r a g m e n t s  of s h e l l s  c a n  s o m e t i m e s  be id e n t i f ie d  
a s  to  c l a s s  by th e  s h a p e  of th e  f r a g m e n t ,  the  ty p e  of s h e l l  l a y e r in g ,  the
p r e s e n c e  of f r i l l s  on th e  o u t e r  s u r f a c e ,  a n d  th e  m i e r o s t r u c t u r e  of th e  s h e l l . 
C e r t a i n  ty p e s  of s h e l l  m i e r o s t r u c t u r e  s u c h  a s  the  h o r i z o n ta l ly  and  v e r t i c a l l y  
f o l i a te d  l a y e r s  and  o p en  c h a m b e r s  of th e  O s t r e i d a e .  th e  r e g u l a r  p r i s m s  
c h a r a c t e r i s t i c  of th e  P e r n i d a e ,  P in n ld a e .  a n d  P t e r i i d a e ,  the  s l e n d e r  c o m p le x  
p r i s m s  of s o m e  P e r n i d a e ,  o r  th e  c e l l u l a r  p r i s m a t i c  s t r u c t u r e  of s o m e  r u d l s t s  
id en tify  th e s e  c a l c t t e  f r a g m e n t s  a s  b iv a lv e s .  C a l c i t i c  o r  a r a g o n i t i c  f r a g m e n t s  
w ith  h o r i z o n ta l ly  o r i e n t e d  c o m p o s i t e  p r i s m s  in th e  o u t e r  l a y e r  o r  w ith  c u rv e d .  
I r r e g u l a r  c r o s s e d - l a m e l l a r  m i e r o s t r u c t u r e  s u g g e s t  'b l v a t  v e "  r a t h e r  than  
" g a s t r o p o d " ,  the  o t h e r  c l a s s  of m o l lu s k s  w ith  w h ich  t h e s e  f r a g m e n t s  m ig h t  
Iks c o n fu s e d .
B iv a lv e s  d i f f e r  f r o m  b r a c h io p o d s  in th e  a b s e n c e  of l a r g e  in te rn a l  
s t r u c t u r e s  s u c h  a s  s p i r e s ,  s e p t a ,  a n d  d e n ta l  l a m e l l a e ,  th e  m i e r o s t r u c t u r e  
of the  s h e l l  l a y e r s ,  an d  th e  p r e s e n c e  of a r a g o n i t e  in the  s h e l l .  M u l t i l a y e re d  
b iv a lv e  s h e l l s  a r e  c a l c a r e o u s ,  w h e r e a s  m u l t i l a y e r e d ,  in a r t i c u l a t e  b r a c h io p o d  
s h e l l s  a r e  c o m p o s e d  of c h i t  in and  c a l c iu m  p h o s p h a te .  F o l ia te d  b iv a lv e s  la c k  
p s e u d o p u n c ta e .  and  th e  s t r u c t u r a l  e l e m e n t s  of p e r f o r a t e d  s h e l l s  a r e  not 
d i s tu r b e d  a s  th ey  a r e  In p u n c ta te  b r a c h i o p o d s .  In P a le o z o ic  r o c k s ,  m o s t  
a r a g o n i t i c  b iv a lv e s  a r e  r e c r y s t a l  I iz e d  to  a m o s a i c  of s p a r r y  e a l c i t e .  w h e r e a s  
b r a c h io p o d s  r e t a i n  t h e i r  o r ig in a l  p r i s m a t i c  e a l c i t e  m i e r o s t r u c t u r e .
R e c r y  s t a l l  I r e d  b iv a lv e  s h e l l s  c a n  b e  d i s t i n g u i s h e d  f ro m  p l a t e - l i k e  
a lg a e  by th e  s h a p e  of th e  f r a g m e n t s  in m o s t  c a s e s  and  by the  a b s e n c e  of 
" c e l l s "  in the  o u t e r  p o r t i o n s  of the  s k e le to n  ( P l a t e  6 4 -3 ) .
S e c t io n s  of s m a l l ,  e q u lv a lv e d  b iv a lv e s  can  b e  d i s t in g u is h e d  f ro m  
o s t r a c o d s  by the  s im p l e  un ion  of th e  v a lv e s  (u su a l ly  w ithou t o v e r l a p  a lo n g
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th e  v e n t r a l  m a rg in ) ,  m u lU la y e r ln g ,  a n d  m i e r o s t r u c t u r e  o f  th e  s h e l l s .
O a t r a c o d e  u s u a l ly  r e t a i n  t h e i r  c a l c i t i c  h o m o g e n e o u s  o r  p r i s m a t i c  m l c r o -  
s t r u c t u r e ,  w h e r e a s  a r a g o n i t i c  b iv a lv e s  a r e  r e c r y s t a l l l z e d .  S om e o e t r a c o d  
c a r a p a c e s  a r e  a l s o  o r n a t e ly  s c u l p t u r e d  w ith  lo b e s ,  f u r r o w s ,  t u b e r c l e s ,  
p o u c h e s ,  a n d  m a rg in a l  f r i l l s  th a t  g iv e  th e  s h e l l  a n  i r r e g u l a r ,  u n d u la t in g  
c o n to u r  in c r o s s  s e c t io n .
T h e  l a r g e ,  c o n ic a l  lo w e r  v a lv e s  of r u d i s t s  a r e  d i s t i n g u i s h e d  f ro m  
c o r a l s  by t h e i r  p r i s m a t i c  o r  c e l l u l a r  p r i s m a t i c  c a l c t t e  o u t e r  l a y e r s  and  
t h e i r  r e c r y s t a l l i z e d  in n e r  l a y e r .  O th e r  d i s t i n g u is h in g  f e a t u r e s  a r e  c h a m b e r s  
an d  c a n a l s  in the  s k e le to n ,  th e  a b s e n c e  of m u l t ip le  s p in e s  o r  s e p ta  p r o je c t in g  
in to  the  body  c a v i ty ,  ami th e  g e n e r a l  la c k  of s y m m e t r y  c h a r a c t e r i s t i c  of the  
c o r a l s .
T h e  lo w e r  v a lv e s  of r u d i s t s  a r e  d i s t in g u i s h e d  f r o m  s p o n g e s  by th e i r  
l a r g e  body c a v i ty  in c o n t r a s t  w ith  th e  s m a l l  a x ia l  c a n a l  of s p o n g e s ,  t h e i r  
s h e l l  l a y e r in g ,  th e  c a l c i t i c  p r i s m a t i c  m i e r o s t r u c t u r e  of the  o u te r  l a y e r ,  
an d  the  a b s e n c e  of s p i c u l e s  w ith in  the  s k e le to n  w a l l s .
E X P L A N A T IO N  OK T A B L E  5 AND INDEX T O  BIVALVE F A M IL IE S
S om e d a ta  on m in e r a l  c o m p o s i t io n ,  s h e l l  l a y e r in g ,  and m i e r o s t r u c t u r e  
of the  m a jo r  g ro u p s  of b iv a lv e s  a r e  l i s t e d  in T a b le  5, T h e  m i e r o s t r u c t u r e  
d e s c r i b e d  by Q dgglld  (1930) a r e  r e l a t e d  to  th e  s h e l l  l a y e r s  d e s c r i b e d  by 
O b e r l in g  < 1955a, 1955b. 1964} and  the  g e n e r a  s tu d ie d  by B iigglld  a r e  r e l a t e d  
to  th e  f a m i l i e s  of bo th  Z i t te l  (1915) and  T h ie le  (1934). W h e re  th e  s h e l l s  a r e  
c o m p o s e d  of both e a l c i t e  a n d  a r a g o n i t e ,  the c a l c i t i c  m i e r o s t r u c t u r e  is u n d e r l in e d .
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E s s e n t i a l l y  th e  s a m e  d a t a  a r c  a r r a n g e d  in th e  fo rm  of a flow c h a r t  
o r  " k e y "  to  g r o u p s  th e  f a m i l i e s  w ith  r e l a t e d  s t r u c t u r e s  an d  m i n e r a lo g y  on 
p a g e s  81 to  82. T h e  flow c h a r t  La c o n s t r u c t e d  to  e n a b le  t e n ta t i v e  a s s ig n m e n t  
of a  f r a g m e n t  to  o n e  of T h i e l e ’s f a m i l i e s  o r  a  g ro u p  of s t r u c t u r a l l y  r e l a t e d  
f a m i l i e s  f r o m  o b s e r v a t i o n s  of o r ig in a l  m i c r o s t r u c t u r e s  in th in  s e c t i o n s  and  
p e e l s  Only u ’t e n t a t i v e "  a s s ig n m e n t  is  p o s s i b l e  in a s m u c h  a s  a l l  b iv a lv e  
f a m i l i e s  a r e  not r e p r e s e n t e d  and  no t all c o m b in a t io n s  of m i e r e s t r u c t u r e s  
a r e  know n f o r  the  f a m i l i e s  ! is  te d  T h e  s t e p s  fo llo w ed  in u s in g  th e  flow c h a r t  
a r e  o u t l in e d  be low :
I) D e te r m in e  the  m i e r o s t r u c t u r e  of a s in g le  m a j o r  l a y e r  and  u s e  the  
a p p r o p r i a t e  p a r t  of th e  c h a r t  w h ich  l i s t s  the  b iv a lv e  f a m i l i e s  c o n ta in in g  th a t  
ty p e  of m i e r o s t r u c t u r e .  T h e  f a m i l i e s  a r e  c r o s s - r e f e r e n c e d ,  th u s ,  it is  on ly  
n e c e s s a r y  to  r e c o g n i s e  one  ty p e  of m i e r o s t r u c t u r e  in one  m a j o r  l a y e r  of the  
s h e l l
2L D e te r m in e  the  m i n e r a l  c o m p o s i t io n  of th a t  m i e r o s t r u c t u r e ,  a n d  u s e  
th e  a p p r o p r i a t e  p a r t  of th e  c h a r t .
3) D e te r m in e  the  r e l a t i o n s h ip  of th a t  m i e r o s t r u c t u r e  to  th e  s t r u c t u r a l  
l a y e r s  of th e  s h e l l ,  and c h e c k  th e  g ro u p s  of f a m i l i e s  w h ich  p r o d u c e  th e  
m i e r o s t r u c t u r e  in th a t  p a r t i c u l a r  l a y e r
4) If m o r e  th a n  one m i e r o s t r u c t u r e  is  d i s c e r n i b l e ,  c h e c k  the  f a m i l i e s  
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M OLLU SK S -  C E P H A L O P 0 D 6  
[ PlateB  78 , 79 , 80, 81, 821
C e p h a lo p o d a  a r e  m o b i le  m a r i n e  m o  H u sk s  th a t  ad a p te d  to a  c r a w l i n g ,  
f lo a t in g ,  and  s w im m in g  m o d e  of l i f e .  T h e i r  g e o lo g ic  r a n g e  is  C a m b r i a n  to  
R e c e n t .  Six m a jo r  s u b d l  v is  ions of th e  c l a s s  a r e  d i s t i n g u i s h e d  on th e  b a s i s  
of s h e l l  m o rp h o lo g y  and  so f t  p a r t s . T h e s e  a r e  the  s u b c l a s s e s  N a u t i lo id e a ,  
T n d o c e r a to i d e a ,  A c t ln o e e r  a t o id e n , B a c t r l t o l d e a ,  A m m o n o id e a ,  and  C o le o id e a .
T h e  c e p h a lo p o d  s k e le to n  c o n s i s t s  o f  n s t r a i g h t ,  c u r v e d ,  p t a n i s p i r a l .  
o r  r a r e l y  a h e l ic o id  s p i r a l  o r  i r r e g u l a r l y  c o i le d  c a l c a r e o u s  c o n e .  Adult 
s p e c i m e n s  of s t r a i g h t  cone*  m a y  b e  a* l a r g e  a s  4 - 1 / 2  m e t e r s  in le n g th ,  
anti p l a n i s p i r a l l y  c o i le d  cone*  m a y  be  a s  l a r g e  a s  2 - 1 / 2  m e t e r s  in d i a m e t e r  
(S h ro ck  and  T w e n h o fe l ,  1953, p. 449). T h e  e x t e r i o r  of the  co n e  m ay  be  
s m o o th  o r  m ay Ik * s c u l p t u r e d  into s to u t  r i b s ,  n o d e s ,  and spinf?a.
T h e  c o n e  is c h a m b e r e d  th ro u g h o u t  m o s t  of i t s  leng th  by c u r v e d ,  
t r a n s v e r s e  p a r t i t i o n s  ( s e p ta )  th a t  u n i te  w ith  th e  in n e r  s h e l l  w a l l s .  T he  
l in e s  o f  ju n c t io n  o f  the1 s e p ta  and  th e  s h e l l  w a lls  ( s u tu r e s )  a r c  c o m p le x ,  
f lu t e d ,  and  c r e n u l a t e d  in th e  a m m o n o id * .  but s im p l e ,  c i r c u l a r ,  o r  g e n t ly  
u n d u la t in g  in th e  o th e r  s u b c l a s s e s .
T h e  f i r s t  s p h e r i c a l  o r  ovo id  c h a m b e r  of th e  s h e l l  is  th e  p r o to c o n c h ,  
anti the  r e m a in in g  c h a m b e r e d  p o r t i o n  is th e  p h r a g m o e o n e . T h e  l a r g e  
u n ch & m b ered  void  b e tw e e n  th e  l a s t  s e p tu m  and  th e  a p e r t u r e  is the  body 
c h a m b e r . T he am  m o n o id s  w e re  a b le  to c l o s e  th e  a p e r t u r e  by m e a n s  of a 
p a i r  o f  c a l c a r e o u s  p la te s  (ap ty c h i)  o r  a s i n g l e  p la te  ( a n a p ty c h u a ) c o m p o se d
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of o r g a n i c  m a t e r i a l .  A ptych i and  a n a p ty c h l  c o r r e s p o n d  to  th e  o p e r c u l a  of 
g a s t r o p o d s  a n d ,  l ik e  o p e r c u l a ,  a r e  u s u a l ly  s e p a r a t e d  f ro m  the  s h e l l  w hen 
th e  a n im a l  d i e s .
E a c h  c h a m b e r  { c a m e ra )  of th e  p h r a g m o c o n e  c o m m u n ic a t e s  w ith  the  
n e s t  b y  m e a n s  of a s m a l l ,  c o n t in u o u s  o r  d i s c o n t in u o u s  tube  ( s ip h u n c le ) w h ich  
(Misses th r o u g h  a p e r f o r a t i o n  in e a c h  s e p tu m .  The s e p ta  a r e  tu r n e d  f o r w a r d  
at th e  s ip h u n c le  in a d v a n c e d  a m m o n o td s  bu t tu r n e d  b a c k w a rd  in the  e a r l y  
a m m o n o id s  and  a l l  o th e r  g r o u p s .  T h e  s ip h u n c le  m ay  occu p y  a  c e n t r a l  p o s i t io n  
o r  a m a r g i n a l  p o s i t i o n  in th e  m e d ia n  p la n e  of curves! o r  c o i le d  s h e l l s .  U n le s s  
th e  s h e l l  is  c r u s h e d  o r  p a r t i a l l y  d is so lv es !  s o o n  a f t e r  b u r i a l ,  l i t t l e  m a t r ix  
e n t e r s  th e  phragm ocx>ne th ro u g h  the  s ip h u n c l e ,  and  m o s t  c h a m b e r s  b e c o m e  
f i l le d  w ith  s p a r r y  c a f c i t e  { P la te  79J,
T he e x t in c t  b c lm n o id s  a r e  the  m o s t  c o m m o n  f o s s i l  r e p r e s e n t a t i v e  of 
th e  C o le o td e a .  T h e  b e le m m iid  s k e le to n  d i f f e r s  f ro m  th o s e  of th e  o th e r  s u b ­
c l a s s e s  in th a t  it p o s s e s s e s  a th ic k ,  c i g a r - s h a p e d  co n e  ( r o s t r u m )  w hich  
p a r t i a l l y  e n v e lo p e s  a s t r a i g h t  o r  s l ig h t ly  c u rv e d  p h r a g m o o o n e .  T he  w a lls  
of th e  r o s t r u m  c o n v e r g e  a lo n g  th e  a x ia l  l in e  to w a rd  th e  a p e x ,  ami n e a r  the 
ap ex  e a c h  w all  c o n s t i tu t e s  o n e - h a l f  the  d i a m e t e r  of th e  s h e l l  11 Mates 8 1 -3 ,  
81-41.
S he ll  C o m p o s i t io n  
T h e  w a l ls  ami s e p ta  of m o s t  f o s s i l  p h ra g rn o c o n e s  a r e  r e e r y s U t i l i z e d  • 
to a e a l e i t e  m o s a i c ,  w h ich  s u g g e s t s  th e  f o r m e r  p r e s e n c e  of a r a g o n i t e .
B a se d  on the  p r e s e n c e  of p r e s e r v e d  m i c r o s t r u c t u r e s ,  o r g a n ic  e a l e i t e  is
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p r e s e n t  a s  an  o u t e r  s h e l l  l a y e r  In s o m e  O rd o v ic ia n  an d  S i lu r i a n  n a u tH o ld s  
(B dg g ild ,  1930, p . 323), a s  th e  a p ty c h i  of a m m o n o ld s  (B dgg ild ,  1930, 
p. 324), a s  the  r o s t r u m  of m o s t  b e le m n o id s  (B<%gfld, 1930. p. 325), an d  
a s  th e  eg g  c a s e  of th e  l iv in g  A rg o n a u ta  (B f^ g i ld ,  1930, p. 325). O rg a n ic  
e a l e i t e  m a y  a l s o  h a v e  b e e n  p r e s e n t  in the  c a m e r a l  d e p o s i t s  of s o m e  
n a u t i lo id s  (S teh l l ,  1956, p . 1031).
In a d d i t io n  to  th e  c a r b o n a te  m i n e r a l s ,  c o n c h io l in  o r  s o m e  fo rm  of 
o r g a n ic  m a t e r i a l  f o r m s  the  a n a p ty c h i  of a m  m ono  I d s , th e  p ro to c o n c h  of 
n a u t i lo id s ,  th e  p r o o s t r a c u m  of the  b e l e m n o id s .  m a jo r  p a r t s  of the  s k e le to n s  
of s o m e  c o le o id s ,  and  p ro b a b ly  an o u t e r  s h e a th  (the p e r i o s t r a c u m )  on a ll 
c e p h a lo p o d  s h e l l s .
C a lc iu m  p h o s p h a te  f o r m s  the  s ip h u n c le  of s o m e  a m  m o n o id s  (A rk e l l ,  
1957, p. I 82) and  m a y  a l s o  h av e  f o r m e d  th e  s ip h u n c le  in s o m e  n a u t i lo id s .
S h e l l - L a y e r i n g
T h e  w a l l s  of c e p h a lo p o d  p h r a g m o c o n e s  a r e  r e l a t iv e ly  th in  fo r  th e  s i r e  
of th e  o r g a n i s m .  T h e  s h e l l  m ay be  a s  th in  a s  0. 01 ram  in s m a l t  c o i le d  f o r m s  
1 .5  m m  in d i a m e t e r  o r  a s  th ic k  a s  1 c m  in l a r g e ,  s t r a i g h t  c o n e s  s e v e r a l  
m e t e r s  in le n g th .
T h e  s h e l l  w a l l s  and  a e p ta  m ay  c o n s i s t  of one , two, o r  t h r e e  c a r b o n a te  
l a y e r s  w h ich  a r e  d i s t i n g u i s h e d  by d i f f e r e n c e s  in m in e r a l  c o m p o s i t io n  o r  
m i c r o s t r u c t u r e .  In a d d i t io n  to  the  sh e l l  l a y e r s ,  s o m e  n a u t i lo id s ,  a c t  in - 
o c e r a t o i d s ,  and  b e le m n o id s  m a y  c o n ta in  o r g a n ic  c a l c a r e o u s  d e p o s i t s  w h ich  
l in e  the in n e r  w a l l s  of the  c h a m b e r s  ( c a m e r a l  d e p o s i t s )  and  the  I n t e r i o r  of
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th e  s ip h u n c l e  (s ip h o n a l  o r  s lp h u n c u l a r  d e p o s i t s ) .  C a m e r a !  d e p o s i t s  c o m ­
p le te ly  fil l  th e  e a r l y  c h a m b e r s  in s o m e  r tau tilo id  a n d  a c t i n o c e r a t o i d  s h e l l s  
and  m a y  e x c e e d  th e  s h e l l  w all t h i c k n e s s  s e v e r a l  t i r o e s ,  th u s  p ro d u c in g  a  
s k e le to n  of g r e a t  bu lk .
She! 1 Mic r o s t r u e t u  re  
T h e  m ic  r o s t r u e t u  r e s  found In c e p h a lo p o d  s k e l e t o n s  a r e  r e l a t i v e ly  
s i m p l e  c o m p a r e d  w ith  th o s e  found in o th e r  ro o l lu s k s .  T h e  c o m m o n  m i c r o -  
s t r u c t u r e s  a r e  h o m o g e n e o u s ,  p r i s m a t i c ,  am i n a c r e o u s ,  w ith  g r a in e d  ami 
s i n g l e - c r y s t a l  m ic  r e s t r u c t u r e s  r e p o r t e d  in s o m e  g e n e r a  (B dgg lld ,  1930. 
pp. 3 2 4 -3 2 5 )  F o l ia te d ,  c r o s s e d - l a m e l l a r ,  and  c o m p le x  c r o s s e d - l a m e l l a r  
m i c r o s t r u c t u r e s  a r e  unknow n in th e  c e p h a lo p o d a .
T h e  s h e l l  w a l l s  and  s e p ta  m ay  be  c o m p o s e d  e n t i r e ly  of n a c r e  o r  of a 
c o m b in a t io n  of n a c r e  and  p r i s m s .  U nlike  m o s t  m o ll  u s  k x , n a c r e  m a y  o c c u r  
in th e  o u t e r  l a y e r  of the  s h e l l ,  and  p r i s m a t i c  m i c r o s t r u c t u r e  m ay  fo rm  the  
m id d le  o r  in n e r  l a y e r  of the  s h e l l .
C a m e r a !  and  s ip h o n a l  d e p o s i t s  in f o s s i l  n au t l io id  c e p h a lo p o d a  a r e  
c o m p o s e d  e n t i r e l y  of p r i s m a t i c  m t e r o e t r u c t u r e  a n d  an  tm le to rm l tu i tc  m i c r o ­
s t r u c t u r e  w h ich  sh o w s  on ly  f ine ,  u n i fo rm ,  r e l i c t  l a m in a t io n  { P la te s  80 -1 .
81 1, 82-21. The p r i s m s  a r e  s l e n d e r  (about 0 .0 2  -0 .0 5  m m  In d i a m e t e r ) ,  
p o ly g o n a l ,  d e n s e ly  p a c k e d ,  and  o r i e n t e d  w ith  t h e i r  long  d im e n s io n  p e r p e n ­
d i c u l a r  to  the  s h e l l  s u r f a c e .  T h e  p r i s m a t i c  e a m e r a l  d e p o s i t s  a r e  r e m i n i s c e n t  
of the  a d d u c to r  m y o s t r a c a l  l a y e r s  of b iv a lv e s  in t h e i r  u n i f o r m i ty  of a l r e .  
p a c k in g ,  an d  o r i e n t a t i o n .  T h e  p r i s m a t i c  l a y e r s  a r e  not d i s t i n c t i v e  enough
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to  a l low  Id e n t i f ic a t io n  b e lo w  th e  leve l  of s u b c l a s s . In s h e l l s  th a t  c o n ta in  
b o th  p r i s m a t i c  and  l a m i n a t e d "  e a m e r a l  d e p o s i t s ,  th e  p r i s m a t i c  l a y e r s  
a r e  a d j a c e n t  to  th e  in n e r  s h e l l  w a l l s ,  an d  th e  " l a m in a t e d "  d e p o s i t s  a r e  
found n e a r  th e  i n t e r i o r .
D is t in g u i s h in g  F e a t u r e s  of C ep h a lo p o d  S h e l l s  
S t r a ig h t ,  c o n ic a l  c e p h a lo p o d  s k e l e t o n s  c a n  b e  d i s t i n g u i s h e d  f ro m  the  
c o n ic a l  and  tu b u l a r  s h e l l s  of s c a p h o p o d s ,  w o r m s ,  a n d  c a p u i id  g a s t r o p o d s  by 
th e  p r e s e n c e  of c h a m b e r s  w ith in  th e  s h e l l  and  by the  th ic k  e a m e r a l  d e p o s i t s .
C o l le d  c e p h a lo p o d  s h e l l s  a r e  d i s t i n g u i s h e d  f r o m  m o s t  g a s t r o p o d  s h e l l s  
by th e  p r e s e n c e  of c h a m b e r s .  T hey  c a n  be d i s t i n g u i s h e d  f ro m  the  u n c o m m o n  
c h a m b e r e d  g a s t r o p o d s  by th e  p r e s e n c e  of a  s ip h u n c le ,  r e l a t i v e ly  u n i fo rm  
s p a c in g  of s e p ta ,  u n d u lo s e  and  c r e n e l a t e d  s u t u r e s ,  and  t h e i r  r e l a t i v e ly  th in  
s h e l l s  w ith  s im p l e  p r i s m a t i c  a n d  n a c r e o u s  l a y e r s .  A e a l c i t i e  o u t e r  l a y e r  is 
found  In a n u m b e r  of g a s t r o p o d  f a m i l i e s  but is  e x t r e m e l y  r a r e  in th e  c e p h a lo p o d a .
Id e n t i f ic a t io n  of ce p h a lo p o d  s h e l l s  a t  th e  s u b c l a s s  leve l  c a n  s o m e t i m e s  
be m a d e  f r o m  t r a n s v e r s e  s e c t i o n s  by o b s e r v in g  the  p a t t e r n  p r o d u c e d  by th e  
s e p t a  n e a r  th e  s h e l l  w a ll .  C o m p l ic a te d  p a t t e r n s  ( P l a t e s  7H-b, 79-3J  a r e  
c h a r a c t e r i s t i c  of a m  m o n o  id * , w h e r e a s  s im p l e  p a t t e r n s  a r e  c h a r a c t e r i s t i c  
of the  n a u t i lo id s  and  col c o l d s . C a m o r a l  an d  s ip h o n a l  d e p o s i t s  a r e  found in 
the  p h r a g m o c o n e s  of s o m e  n a u t i lo id s ,  a c t l n o c e r a to id a .  and  b e le m n o id s  but 
a r e  unknow n in a m  m o n o id s .
T h e  r o s t r u m  is the? p a r t  of the  b e le m n o td  s k e le to n  m o s t  o f ten  p r e s e r v e d .
It c o n s i s t s  of long , s l e n d e r  e a l e i t e  p r i s m s  o r i e n t e d  n o r m a l  to  th e  sh e l l  w a ll .
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O p tic  o r i e n t a t i o n  of th e  p r i s m s  is  f a i r l y  u n i f o r m .  W hen  v ie w ed  in lo n g i tu ­
d in a l  s e c t i o n s  b e tw e e n  c r o s s e d  n ic o ls ,  one  w a il  of th e  c o n e  b e c o m e s  d a r k  
a s  the  o u t e r  b e c o m e s  b r ig h t  ( P la t e  81 - 3 | ,  T r a n s v e r s e  s e c t i o n s  of th e  r o s t r u m  
show  i r o n  c r o s s  e x t in c t io n  ( P l a t e  81 -4J .










































































M O L L U S C S ?  * CRICO CO N A RID S 
{P l a t e s  83. 64, 85, 86]
T h e  c r i c o c o n a r i d s  a r e  s m a l l ,  e x t in c t  o r g a n i s m s  th a t  a r e  c h a r a c t e r i s e d  
by  s l e n d e r ,  c o n ic a l ,  c a l c a r e o u s  s h e l l s  w ith  c i r c u l a r  c r o s s  s e c t i o n .  T h e  
a f f in i t i e s  of th e  g ro u p  a r e  u n c e r t a in .  T h e y  had  b e e n  d o u b tfu l ly  r e f e r r e d  to  
th e  m o l lu s k s  and  g ro u p e d  w ith  th e  p te ro p o d s  fo r  m a n y  y e a r s  but have  r e c e n t ly  
b e e n  d i s t i n g u i s h e d  a s  a  new. s e p a r a t e  c l a s s  of m o l lu s k s  - -  C l a s s  C o n ic o n c h ta  
by L y a s h e n k o  in (O rlo v .  Luppov, a n d  D r u s b e h i t s ,  1958) o r  C la s s  C r i c o c o n a r id a  
by F i s h e r  (1962).
T c n ta c u i  l t e s  am i S ly i lo l tn a , tw o c o m m o n  an d  s t r a t i  g r a p h ic a l l y  u se fu l  
g e n e r a ,  a r c  c o m m o n  f o s s i l s  in the  S i lu r i a n  and  D ev o n ian .  Both g e n e r a  a r e  
found in g r e a t  n u m b e r s  lo c a l ly  in Im p u re ,  a r g i l l a c e o u s  o r  s i l t y  c a r b o n a t e  
r o c k s .
T c n ta c u i  l ie s  
( P l a t e s  83. 84. 85]
T h e  s h e l l s  of T e n t a c u l l i e s  m ay  be  c h a m b e r e d  o r  u n c h a m b e r e d  and 
m a y  t a p e r  to  a  p o in t  o r  a s m a l l  bu lb  a t the  p o s t e r i o r .  T he e x t e r i o r  of the  
s h e l l  is  c h a r a c t e r i s e d  by p e r io d ic  c o n c e n t r i c  th i c k e n in g s  ( " a n n u la r  r in g s  ’) 
a n d  fine  c o n c e n t r i c  o r  lo n g i tu d in a l  «$r l a t i o n s . T h e  le n g th  of th e  s h e l l  r a r e l y  
e x c e e d s  I c e n t i m e t e r .
M i c r o s t r u c t u r e
M ost s h e l l s  of T e n t a c u l l i e s  a p p e a r  to  be  c o m p o s e d  of f o l i a te d  e a l e i t e
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s i m i l a r  to  th a t  found  In B r y o r o a  s k e l e t o n s . F o l ia t io n  is  p r o d u c e d  by 
n u m e r o u s  i r r e g u l a r l y  s h a p e d ,  I m b r i c a t in g  e a l e i t e  p l a t e s  ab o u t  0 ,0 0 1  m m  
th ic k .  T h e  p la te s  h a v e  p a r a l l e l  e x t in c t io n .
M any s p e c i m e n s  a l s o  a r e  In d is t in c t ly  p e r f o r a t e d  by m in u te ,  i r r e g u l a r  
tu b e s  th a t  m a y  b e  p a r t i a l l y  f i l le d  w ith  fo r e ig n  m a t e r i a l .  T h e  p e r f o r a t i o n s  
p r o d u c e  a n  in w a rd  d e f le c t io n  on th e  e d g e s  of th e  p l a t e s  th a t  is  m o s t  a p p a r e n t  
in t r a n s v e r s e  s e c t i o n s  of th e  s h e l l .  E x c e p t io n a l ly  w e l l - p r e s e r v e d  s p e c im e n s  
m ay  d i s p la y  a n  o u t e r  l a y e r  of h o m o g e n e o u s  e a l e i t e  ( P l a t e  84~3 |.
Sty! iol Ina 
( P l a t e s  83,
Sty! lot ina  d i f f e r s  f ro m  T c n ta c u i  i t e s  in p o s s e s s i n g  a s m o o th ,  u n c h a rn b e re d ,  
i m p e r f o r a t e  s h e l l  w ith o u t  e o n c e n t r i c  th ic k e n in g s .  T he  s h e l l s  m a y  b e  f ine ly  
s t r i a t e d  lo n g i tu d in a l ly  and  u s u a l ly  t e r m i n a t e  in a s m a l l ,  b u lb o u s  e x t r e m i t y  
a t  th e  p o s t e r i o r .
Mic r o s t  r u c tu  r e
T h e  e n t i r e  s h e l l  c o n s i s t s  of c l e a r ,  h o m o g e n e o u s  e a l e i t e .  E x t in c t io n  
o c c u r s  w hen  a p o r t i o n  of th e  s h e l l  is  p a r a l l e l  to  th e  p la n e s  of th e  n ic o ls .
9.1
M O L LU SK S -  G A ST R O PO D S 
( P l a t e s  87, 88, 89 . 90. 91, 92 , 93, 94}
T h e  g a s t r o p o d s  c o n s t i tu t e  th e  l a r g e s t  c l a s s  of l iv in g  and f o s s i l  
m o l lu s k s .  T h e  c l a s s  in c lu d e s  s h e l l - l e s s  a n d  s h e l l - b e a r i n g ,  m o b i le  s n a i l s  
th a t  l iv e  in m a r i n e ,  b r a c k i s h ,  f r e s h  w a t e r ,  o r  t e r r e s t r i a l  e n v i r o n m e n t s .
T h e  g e o lo g ic  r e c o r d  of s h e l l  - b e a r i n g  f o r m s  Is C a m b r i a n  to  R e c e n t .
T h e  g a s t r o p o d  sh e l l  Is e s s e n t i a l l y  a u n iv a lv e d ,  u n c h a m b e r e d  c o n e .  
R e p r e s e n t a t i v e s  of s o m e  f a m i l i e s  p r o d u c e  c h a m b e r e d  s h e l l s  (P h i l l ip  and  
T a le n t ,  1959. P l a t e ? ;  T e r m i e r  a n d  T e r m i e r ,  1952, p .  374, F ig u r e s  12 
an d  13), bu t th e s e  a r e  r e l a t i v e ly  u n c o m m o n .  T h e  g ro w th  fo rm  of ad u l t  s h e l l s  
m a y  be  th a t  of a s im p l e  c a p - s h a p e d  c o n e  ( P l a t e s  87a, 88 -  I j o r ,  m o r e  
c o m m o n ly ,  th a t  of a c o l le d  c o n e .  C o i l in g  mfty be  e i t h e r  in a s in g le  p la n e  
( P l a t e s  87b. HMe| o r  in a  h e l ic o id  s p i r a l  abou t an  im a g in a r y  a x i s  ( P l a t e s  
8 ? c - d ,  8 8 -3 ) .  E ac h  c o m p le te  re% olu tion  of the  co n e  ia t e r m e d  a w h o r l ,  
a n d  th e  l a s t  r e v o lu t io n  is d e s ig n a t e d  th e  body w h o r l .  E a c h  w h o r l  m ay b e  
t ig h t ly  w r a p p e d  abou t the  p r e c e d in g  w h o r l  to  f o r m  a  c e n t r a l  s c r e w - I i k e  
p i l l a r  ( c o lu m e l la ) ,  o r  th e  w h o r l s  m a y  b e  lo o s e ly  w ra p p e d  to  fo rm  a c e n t r a l  
c a v i ty  (u m b i l ic u s )
S om e s p e c i e s  a r e  a b le  to  w i th d ra w  c o m p le te ly  in to  th e  s h e l l  anti c lo s e  
th e  a p e r t u r e  w ith  a  l td  (o p e rc u lu m )  w h ich  is  c o n n e c te d  to  the  foot of th e  
a n im a l  a n d  d e ta c h e d  f ro m  th e  s h e l l .  T h e  o p e r c u lu m  is u s u a l ly  s e p a r a t e d  
f r o m  th e  a n im a l  a f t e r  d e a th  and  is  d i f f i c u l t  o r  im p o s s ib l e  to  iden tify  w ith  
i ts  s h e l f .
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T h e  e x t e r i o r  of th e  s h e l l s  m a y  b e  s m o o th  o r  o r n a m e n te d  w ith  no ties ,  
r i b s ,  and  s p i n e s .
Shell  - L a y e r in g
T h e  w h o r l s  of th e  s h e l l  m a y  be  c o m p o s e d  of f ro m  one  to  f iv e  o r  m o r e  
l a y e r s  of c a l c iu m  c a r b o n a te  th a t  a r e  d i s t i n g u i s h e d  by d i f f e r e n c e s  in m i n e r a l  
c o m p o s i t io n  and  m ic  r o s t r u e t u  r e  o r  o r i e n t a t i o n  of the  m i c r o s t r u c t u r a l  e l e m e n t s  
w i th in  a d jo in in g  l a y e r s .  In a d d i t io n  to  the  l a y e r s  th a t  f o r m  the  w h o r l s ,  o t h e r  
o r g a n ic  c a r b o n a te  d e p o s i t s  m ay  fill th e  void  a p a c e  in th e  ap ex  of th e  s h e l l  of 
h e l ic o id  s p i r a l  s h e l l s .  Som e c o i le d  s h e l l s  m a y  a l s o  c o n ta in  a th ic k  loca l 
d e p o s i t  on th e  in n e r  s i d e  of the  a p e r t u r e .
T h e  s h e l l  l a y e r s  th a t  m a k e  up th e  w h o r l s  th ic k e n  in a r a d ia l  d i r e c t io n  
( P l a t e  87 d} and  a r e  a l m o s t  c o e x te n s iv e  f ro m  th e  apex  to  the  a p e r t u r e .  T hey  
m a y  a l s o  b e  c o e x t e n s iv e  in a  c o n c e n t r i c  d i r e c t i o n ,  o r  one , tw o . o r  t h r e e  
l a y e r s  m a y  1m? a b s e n t  on the  in n e r  s id e  of th e  w h o r l  n e a r  the  c o lu m e l l a .  
U su a l ly ,  th e  s h e l l  l a y e r s  a r e  t h i c k e s t  on the  o u t e r  s i d e  of the  w h o r l ,
" O n e - l a y e r e d "  s h e l l s  a r e  know n in s o m e  B e l le ro p h o n t id a e ,  in s o m e  
K ia a u r e l lk i a e .  and  in th e  p e la g ic  g ro u p s ,  the  h e t e r o p o d s  anti p te ro p o d a .  T w o -  
a n d  t h r e e - l a y e r e d  s h e l l s  a r e  m o s t  c o m m o n  in the  o th e r  f a ro l l ie a ,  fo l lo w ed  in 
n u m b e r  by s h e l l s  w ith  fo u r  am i f iv e  l a y e r s .
Shel 1 C o m p o s  tt ion  
T h e  (gas tropod  s k e le to n  ia c o m p o s e d  of o r g a n ic  m a t e r i a l  in the  f o r m  of 
c o n c h to l in  and c a l c iu m  c a r b o n a te .  C o n c h io l ln  f o r m a  a th in  e x t e r n a l  c o v e r  of 
th e  s h e l l  an d ,  in s o m e  s p e c  tea ,  a l s o  f o r m a  the  o p e rc u lu m .
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T h e  c a l c a r e o u s  p o r t i o n  of th e  s h e l l  m a y  c o n s i s t  o f  e a l e i t e  and  a r a g o n i t e ,  
o r  w holly  of a r a g o n i t e .  One doub tfu l o c c u r r e n c e  of an  o r ig i n a l l y  w holly  c a l c l t i c  
s h e l l  ia r e c o r d e d  in a s in g le  s p e c i e s  of B e l le ro p h o n  f r o m  the  O r d o v ic ia n  
(W g g f ld ,  1930, p . 299).
M ost of th e  e a l e i t e - b e a r i n g  s h e l l s  b e lo n g  to  th e  P r o to g a s  t r o p o d a  and  the 
P r o s o b r a n c h i a , the  two e a r l i e s t  and lo n g e s t  r a n g in g  m a j o r  g ro u p s  of g a s t r o p o d s .  
All o f  the  s h e l l  - b e a r i n g  g a s t r o p o d a  in th e  o t h e r  tw o m a j o r  d i v i s i o n s ,  th e  
O p is th o b r a n c h ia  and  th e  P u lm o n a ia ,  h a v e  a r a g o n i t i e  s h e l l s  ( iW ggild , 1930, 
p .  299).
M ost g a s t r o p o d  f a m i le s  h a v e  s h e l l s  c o n s i s t i n g  of a r a g o n i t e ,  a few f a m i l i e s  
p r o d u c e  s h e l l s  c o n s i s t in g  of tx>th e a l e i t e  and a r a g o n i t e .  In s h e l l s  c o m p o se d  of 
bo th  c a r b o n a t e  m i n e r a l s ,  th e  e a l e i t e  f o r m s  onlv  one  e x t e r n a l ,  s t r u c t u r a l l y  
d i f f e r e n t  l a y e r ,  am i the  a r a g o n i t e  f o r m s  the  in n e r  s h e l l  l a y e r s .  An e x c e p t io n  
is  found in s o m e  s p e c i e s  of H a l lo t td a e ,  w h ich  m a y  c o n ta in  a l a y e r  of e a l e i t e  
b e tw e e n  two l a y e r s  of a r a g o n i t e  (Bdiggild, 1930, p. 300).
The e x t e r n a l  e a l e i t e  l a y e r  m a y  c o n s t i tu t e  m o r e  th a n  h a lf  the  s h e l l  
t h i c k n e s s  in s o m e  s h e l l s ,  bu t in  o th e r s  it is  th in  ami b a r e l y  n o t i c e a b l e .  U nlike  
b iv a lv e  s h e l l s ,  th e  w h o r ls  of g a s t r o p o d  s h e l l s  do not c o n ta in  a l a y e r  of a r a g o n i t e  
b e tw e e n  two l a y e r s  of e a l e i t e .
Shell M i c r o a t r u c t u r e  - C a lc i t l e  L a y e r s
T he m i c r o s t r u c t u r e s  found in c a l c l t i e  l a y e r s  of g a n tro p tx l  s h e l l s  a r e  
p r i s m a t i c ,  f o l i a te d ,  c r o s s e d - l a m e l l a r . and g r a in e d .  H o m o g en eo u s  m i c r o -  
s t r u c t u r e  m a y  o c c u r  if th e  c o m p o n e n ts  a r e  of u n i fo rm ly  s m a l l  s i r e .
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N O R M A L P R IS M A T IC  M IC R O S T R U C T U R E  [ P l a t e  90] la  th e  mcwt 
c o m m o n  m ic  roe true lu re found  In c a l c l t i c  l a y e r s .  T h e  p r i s m s  a r e  u s u a l ly  
f in e  (abou t 0. 01 ram  in d i a m e t e r )  i r r e g u l a r ,  a n d  a r e  o r i e n t e d  w ith  t h e i r  long  
d im e n s io n  n o r m a l  o r  in c l in e d  to  th e  o u t e r  s u r f a c e .  No g a s t r o p o d  s h e l l s  a r e  
know n to  c o n ta in  l a r g e ,  u n i f o r m ,  s t r a i g h t - s i d e d  p r i s m s  s u c h  a s  th o s e  found 
in th e  b iv a lv e  (am  11 lee  P e m ld & e  an d  P ln n id a e ,  and ,  a s  a  r u le ,  th e  e a l e i t e  
p r i s m s  t h e m s e l v e s  a r e  no t d i s t i n c t i v e .
F O L IA T E D  M IC R O S T R U C T U R E  ( P la t e  93j is  u n c o m m o n  in th e  g a s t r o p o d s .  
It is  found in one s p e c i e s  of B e l l e r o p h o n , in th e  l i m p e t s  ( s o m e  P a te i l i d a e  and  
p o s s ib ly  s o m e  A e m a e id a e ) ,  a n d  in s o m e  N e r i t l d a e  (B ^gg itd ,  1930). T h e  fo lia  
a r e  c u r v e d  a n d  tw is te d  in th e  o u te r  s h e l l  l a y e r  of s o m e  p l a t y c e r l d  g a s t r o p o d s ,  
p r o d u c in g  a  d i s t i n c t i v e  ra te  r o s t r u e t u  r e  w h ich  e n a b le s  iden l  If I c a t  ton  of the 
fa m i ly  f ro m  s m a l l  f r a g m e n t s  ( P l a t e s  9 3 -1 ,  9 3 -2 J .
C R O S SE D - L A M E L L A R  C A L C IT E  ( C r o s s - f o l i a t e d  m ic  r e s t r u c t u r e  of 
M a c C lin to c k ,  1967) is a l s o  r a r e  in g a s t r o p o d  s h e l l s .  T h e  m i c r o s t r u c t u r e  is  
know n only  in s o m e  s p e c i e s  of P a t e l l a  an d  Hole ion (R dgg ild ,  1930, pp. 306 -  
307, M a c C lin to c k .  1967, pp . 28 -2 9 ) .
IR R E G U L A R  G RAIN ED  C A L C IT E  M JC R O ST R U C T U R E  is  found in the  
o u t e r  l a y e r  of s o m e  J a n th i n id a e  and  s o m e  ‘" S c a la r id a e " and  in th e  " m id d le  
l a y e r ” of s o m e  H a l io t id a e  (B hgg ild .  1930).
Shell M i c r o s t r u c t u r e  - A ra g o n i t i e  l a y e r s  
In t h e i r  o r d e r  of p r e v a l e n c e ,  th e  m i c r o s t r u c t u r e s  found in the  a r a g o n i t i e  
l a y e r s  of g a s t r o p o d  s h e l l s  a r e  c r o s s e d - l a m e l l a r .  c o m p le x  c r o s s e d - l a m e l l a r .
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p r i s m a t i c ,  n a c r e o u s ,  and h o m o g e n e o u s .
C R O S S E D -L A M E L L A R  A R A G O N IT E M JC R 0 6 T R U C T U R E  {P l a t e  92) 
is  ty p ic a l ly  d e v e lo p e d  in the  s h e l l s  of l iv in g  g a s t r o p o d s  and  a p p e a r s  to  hav e  
b e e n  p r e s e n t  In g a s t r o p o d s  a s  o ld  a s  P ennay lvanL an  { P la te s  9 4 - i ,  9 4 -2  . 9 4 - 4 | .
C r o s s e d - l a m e l l a r  m ic  r o s t r u e t u  r e  m a y  f o r m  th e  e n t i r e  s h e l l  of o n e -  
l a y e r e d  s h e l l s  o r  any  one  o r  a l l  l a y e r s  of m u l t i l a y e r e d  s h e l l s .  W hen m o r e  
th a n  one l a y e r  c o n s i s t s  of c r o s s e d - l a m e l l a r  ro ic  r o s t r u e t u  r e ,  th e  l a r g e  l a m e l l a e  
of e a c h  l a y e r  a r e  o r i e n t e d  a t  s o m e  a n g le  to  th o s e  of th e  a d ja c e n t  l a y e r .  In 
t h r e e - l a y e r e d  s h e l l s ,  the  long  a x e s  of th e  l a r g e  l a m e l l a e  a r e  c o m m o n ly  o r i e n t e d  
in a r a d ia l  d i r e c t i o n  in th e  o u t e r  l a y e r .  In a c o n c e n t r i c  d i r e c t io n  in the  m id d le  
l a y e r ,  an d  in a r a d ia l  d i r e c t i o n  in the  in n e r  l a y e r .  T h is  b a s i c  a r r a n g e m e n t  is  
r e t a i n e d  fo r  th e  in n e r  t h r e e  c r o s s e d - l a m e l l a r  l a y e r s  in m o s t  f o u r - l a y e r e d  s h e l l s .  
If the  fo u r th  l a y e r  is  a l s o  c o m p o s e d  of c r o s s e d - l a m e l l a r  m ic  r o s t r u e t u  r e ,  the  
l a r g e  l a m e l l a e  a r e  u s u a l ly  o r i e n t e d  w ith  the  long  a x e s  in a c o n c e n t r i c  d i r e c t io n .
L o n g itu d in a l  s e c t i o n s  th ro u g h  a t h r e e - l a y e r e d  g a s t r o p o d  s h e l l  w ith  th is  
s t r u c t u r a l  a r r a n g e m e n t  w ilt e x p o s e  th e  e n d s  of th e  l a r g e  l a m e l l a e  in  th e  u p p e r  
a n d  lo w e r  l a y e r s  ami th e  s i d e s  of th e  l a r g e  l a m e l l a e  in the  m id d le  l a y e r  { P la te s
9 2 -1 ,  9 2 -3 .  9 2 -4{.
E x c e p t  f o r  s l ig h t  d i f f e r e n c e s  in o r i e n t a t i o n  and d e g r e e  erf u n i fo rm i ty ,  th e  
c r o s s e d - l a m e l l a r  m ic  r o s t r u e t u  r e  is  b a s ic a l ly  th e  s a m e  in m o s t  f a m i l i e s  of 
g a s t r o p o d s ,  am i, b e c a u s e  of th i s ,  th e  m i c r o s t r u c t u r e  c a n  r a r e l y  b e  u s e d  to  
id e n tify  a p a r t i c u l a r  f a m i ly .
C O M P L E X  C R O S S E D -L A M E L L A R  M IC R O S T R U C T U R E  { P la te s  9 3 -3 ,
9 3 -4 )  is  c o m m o n  in jpustropod  s h e l l s  a s  an  in n e r  l in in g  of th e  w h o r l s  o r
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s o m e t i m e s  a s  a  th ic k  d e p o s i t  w h ich  p lu g s  the  e a r l y  w h o r l s  of h e l ic o id  s p i r a l  
s h e l l s .
NORMAL. P R ISM A T IC  A R A G 0N TTE is  p o o r ly  d e v e lo p e d  in  g a s t r o p o d  
s h e l l s .  T h in  p r i s m a t i c  l a y e r s  a r e  o f ten  a s s o c i a t e d  w ith  a n o t h e r  s t r u c t u r e  in 
th e  in n e r  l a y e r s  o f  th e  s h e l l  bu t a r e  u n c o m m o n  a s  m a j o r  s h e l l  l a y e r s .  W hen  
p r e s e n t  in m a j o r  s h e l l  l a y e r s ,  th e  p r i s m s  a r e  f ine , c o m p a c t ,  a n d  in d i s t in c t .
C O M P O S IT E  P R ISM A T IC  M IC R O S T R U C T U R E  ( P la t e  91} o c c u r s  in th e  
o u t e r  l a y e r s  of s o m e  B u c c in ld a c ,  the  D e lp h in u l id a e ,  th e  P h a s l e n e l l i d a e ,  and  
s o m e  T r o c h i d a e .  T he  p r i s m s  a r e  In c l in e d  w ith  r e s p e c t  to  th e  o u t e r  s u r f a c e  
of th e  s h e l l  an d  a r e  o r i e n t e d  w ith  t h e i r  c o m p o n e n ts  d iv e rg in g  in w a rd .  T h e  
t h i c k n e s s  of the  p r i s m a t i c  l a y e r  v a r i e s  a b o u t  th e  w h o rl  and  is  a p p r o x im a te ly  
e q u a l  to th e  h e ig h t  o f  th e  c o m p o s i t e  p r i s m s .
N A CREO U S M IC R O S T R U C T U R E  ( P la t e s  8 -2 .  9 1 -2 ,  9 1 -3 ,  9 I - 4 |  ts known 
in s e v e n  f a m i l i e s  of g a s t r o p o d s .  N a c r e  o c c u r s  a s  an  in n e r  l a y e r  of th e  w h o r l s  
in m o s t  s h e l l s  bu t m ay  be p r e s e n t  a s  an  i n t e r m e d i a t e  l a y e r  b e tw e e n  l a y e r s  of 
d i f f e r e n t  m i c r o s t r u c t u r e .  In tw o  f a m i l i e s  of g a s t r o p o d s ,  n a c r e  o c c u r s  in 
a s s o c i a t i o n  w ith  c r o s s e d - l a m e l l a r  m ic  r o s t r u e t u  r e - - a  c o m b in a t io n  of m i c r o -  
s t r u c t u r e s  th a t  is  unknow n in the  b iv a lv e s .
T h e  c o m p o s i t io n  and  m ic  r o s t r u e t u  r e s  of a n u m b e r  of c o m m o n  g a s t r o p o d  
f a m i l i e s  s tu d ie d  by R s g g ik i  a r e  t a b u la te d  in T a b le  7.
D is t in g u i s h in g  F e a t u r e s  of G a s t r o p o d  S h e l l s
G a s t r o p o d  s k e le to n s  c a n  b e  ( l is t  ingu ts  bed  f ro m  th o s e  of th e  s c a p h o p o d s  
by the  s h a p e  of the  sh e l l  a n d  by s h e l l  m ic  r e s t r u c t u r e . S im p le ,  c a p - s h a p e d
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g a s t r o p o d  s h e l l s  a r e  r a p id ly  e x p a n d in g  c o o e s ,  w h e r e a s  s c a p h o p o d  s h e l l s  
a r e  s l e n d e r ,  gen t ly  c u rv e d ,  open  t u b e s . G a s t ro p o d  s h e l l s  m a y  b e  c o m p o s e d  
of e a l e i t e  a n d  a r a g o n i t e ;  s c a p h o p o d a  a r e  c o m p o s e d  e n t i r e l y  of a r a g o n i t e .
A lthough  b o th  c l a s s e s  m a y  h a v e  " th r e e - l a y © r e d ” s h e l l s ,  th e  l a y e r s  of 
g a s t r o p o d  s h e l l s  a r e  of a b o u t  eq u a l  t h i c k n e s s ,  and  e a c h  l a y e r  m a y  be 
c o m p o s e d  of c r o s s e d - l a m e l l a r  m ic  r e s t r u c t u r e .  T h e  o u t e r  an d  in n e r  
' l a y e r s ” of s c a p h o p e d  s h e l l s  a r e  of In s ig n if ic a n t  th i c k n e s s  c o m p a r e d  w ith  
th e  m id d le  l a y e r .
S m a l l  f r a g m e n t s  of s h e l l s  c a n  b e  d i s t in g u is h e d  a s  " g a s t r o p o d "  r a t h e r  
th a n  ’b i v a l v e "  if th e  f r a g m e n t  c o n ta in s  m u l t ip le  l a y e r s  of w ell - d e v e l o p e d  
c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e ,  s m a l l  c o m p o s i t e  p r i s m s  s ta n d in g  on end. 
n a c r e o u s  l a y e r s  b e tw e e n  l a y e r s  of a n o t h e r  m i c r o s t r u c t u r e ,  o r  n a c r e o u s  
l a y e r s  anti c r o s s e d - l a m e l l a r  l a y e r s  in th e  s a m e  s h e l l .
M ost  p l a n i s p i r a l  g a s t r o p o d  s h e l l s  a r e  r e a d i ly  d i s t i n g u i s h e d  f ro m  
c e p h a lo p o d a  by th e  a b s e n c e  of c h a m b e r s .  C h a m b e r e d  g a s t r o p o d  s h e l l s  c a n  
be d i s t i n g u i s h e d  f r o m  c e p h a lo p o d  s h e l l s  by the  i r r e g u l a r  s p a c in g  of th e  s e p ta ,  
th e  a b s e n c e  of a s ip h u n c le ,  the  r e l a t iv e ly  th ic k  w a l l s ,  the  s h e l l  la y e r in g ,  and  
s h e l l  m ic  r o s t r u e t u  r e .  S m a l l ,  s t r o n g ly  c u rv e d  s h e l l  f r a g m e n t s  a r e  r e f e r a b l e  
to  th e  g a s t r o p o d s  r a t h e r  th an  to  th e  c e p h a lo p o d a  if they  c o n ta in  e r o s s e d - l a m e l l a r  
o r  c o m p le x  c r o s s e d - l a m e l l a r  m i c r o a t r u c t u r e .
All of the  s h e l l  f e a t u r e s  th a t  d i s t i n g u i s h  g a s t ro p o d *  f r o m  cep h a lo p o d *  
a l s o  d i s t i n g u i s h  th e  s m a l l e r  g a s t r o p o d  s h e l l*  f r o m  F o r a m i n i f e r a ,  H e lico id  
s p i r a l  g a s t r o p o d s  m ay  a l s o  c o n ta in  a  c o lu m e l l a  w h ich  is  unknow n in th e  fo r a  m s .
In P a l e o i o i c  r o c k s ,  ro o s t  a r a g o n i t i e  g a s t r o p o d  s h e l l s  a r e  r e p l a c e d  by a 
m o s a i c  of s p a r r y  e a l e i t e ,  b u t  m o s t  t e s t s  c o n s i s t  of d a r k ,  f ine ,  g r a n u l a r  
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M OLLU SK S -  SC A PH O PO D S 
[ P l a t e s  95, 96, 9 7 j
S caphopod*  a r e  b u r r o w in g  m a r i n e  m o l lu s k s  w h ich  in h a b it  so f t  b o t to m s  
a t  d e p th s  to  15, 000 f e e t  (S h ro ck  a n d  T w o n h o fe t ,  1953, p, 362), T h e  c l a s s  
c o m p r i s e s  on ly  tw o  f a m i l i e s  (L u d b ro o k ,  I960), the  o ld e r  of w h ich  r a n g e s  f ro m  
O r d o v ic ia n  to  R e c e n t .  T h e  fo s s i l  s h e l l s  a r e  u n c o m m o n  in r o c k s  o ld e r  th a n  
C r e t a c e o u s ,  w ith  th e  e x c e p t io n  of s h a l e s  of th e  P e n n s y lv a n ia n  s y s t e m .
T h e  a d u l t  s c a p h o p o d  s k e le to n  c o n s i s t s  of a s l e n d e r  o r  s w o l le n ,  s l ig h t ly  
c u r v e d ,  ho llow  tu b e  w h ich  is  open  a t  bo th  e n d s  [ P l a t e  95). T h e  i n t e r i o r  of th e  
tu b e  is  c i r c u l a r  in c r o s s  s e c t io n ,  bu t the  e x t e r i o r  m ay  be e i t h e r  c i r c u l a r  o r  
p o ly g o n a l .  T he  o u t e r  s u r f a c e  m ay be  s m o o th  o r  s t r i a t e d  lo n g i tu d in a l ly ,  o b l iq u e ly ,  
o r  c o n c e n t r i c a l ly .  T h e  s i t e  of the  tu b e s  r a n g e s  f r o m  abou t 2. 5 m m  long  and  0 . 5 
m m  in d i a m e t e r  a t  th e  l a r g e  end  to  g ia n ts  o v e r  300 m m  long  and  60 m m  in d i a ­
m e t e r  (T o o m ey ,  1957. p. 460).
Shell C o m p o s i t io n  and  Mic r o s t r u e t u  r e
S caphopod  s h e l l s  a r e  r e p o r t e d  to c o n s i s t  of t h r e e  a r a g o n i t e  l a y e r s  
(B dgg tld ,  1930. p. 297; S h ro c k  and  T w en h o fe l ,  1953, p. 363; O b e r l ln g ,  1967, 
F ig u r e  3c), T h e  in n e r  and o u t e r  l a y e r s  a r e  of in s ig n i f ic a n t  t h i c k n e s s  c o m p a r e d  
w ith  the  m id d le  l a y e r  and  a r e  c o m p o s e d  of in d i s t in c t  m i c r o s t r u c t u r e s  - -  h o m o ­
g e n e o u s ,  p r i s m a t i c ,  o r  c o m p le x  c r o s s e d - l a m e l l a r  (B dgg ild ,  1930, p. 297).
T he  m id d le  p o r t io n  of th e  s h e l l  w all c o n s i s t s  of c r o s s e d - l a m e i l a r  m i c r o -  
s t r u c t u r e  in a l l  w e l l - p r e s e r v e d  R e c e n t  and  fo s s i l  s h e l l s .  T h e  c r o s s e d - l a m e i l a r  
m i c r o s t r u c t u r e  is  s i m i l a r  to  th a t  found In b iv a lv e s  a n d  g a s t r o p o d s  and  is
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o r i e n t e d  w ith  th e  lo n g  a x e s  of the  l a m e l l a e  in a  c o n c e n t r i c  d i r e c t i o n ,  
p e r p e n d i c u l a r  to  th e  le n g th  of th e  s h e l l .
D i s t in c t  o u t e r  and  in n e r  l a y e r s  w e r e  not p r e s e n t  in any  of the  R e c e n t  
s p e c im e n s  of D e n ta l iu m  th a t  w e r e  e x a m in e d .  T h e  b u lk  of t h e s e  s h e l l s  
c o n s i s t s  of o v e r l a p p in g  c r o s s e d - l a m e i l a r  s u b l a y e r s  t h a t  a r e  t h i c k e s t  n e a r  
th e  a n t e r i o r  and  c o n v e r g e  on the  in n e r  s i d e  of th e  s h e l l  to w a rd  th e  apex  
[ P l a t e  9 6 -1 ] .  As th e  s u b l a y e r s  d e c r e a s e  in th i c k n e s s  a p i c a i l y .  th e  c r o s s e d -  
l a m e i l a r  m ic  r o s t r u e t u  r e  b e c o m e s  f in e r  and  u l t im a te ly  in d i s t in g u is h a b le .  
W hen  s e e n  in t r a n s v e r s e  s e c t io n ,  th e  o u te r  p o r t i o n  of th e  sh e l l  w a il  a p p e a r s  
to  c o n s i s t  of c o n c e n t r i c a l ly  o r i e n t e d  c r o s s e d - l a m e i l a r  m i c r o s t r u c t u r e ,  and 
th e  in n e r  p o r t i o n  of th e  sh e l l  w all a p p e a r s  to  c o n s i s t  of c o n c e n t r i c  b a n d s  w ith  
in d is t in c t  m i c r o s t r u c t u r e .
D is t in g u is h in g  F e a t u r e s  of S cap h o p o d  S h e l l s
S caphopod*  d i f f e r  f r o m  c e p h a lo p o d a  am i m o s t  g a s t r o p o d s  in th a t  th ey  
la c k  c o i l in g  and p o s s e s s  an  u n c h a m b e r e d ,  t u s k - s h a p e d  s h e l l  th a t  is  open  a t  
both e n d s .  T r a n s v e r s e  s e c t i o n s  of th e  s h e l l  c a n  b e  d i s t i n g u i s h e d  f ro m  the  
tu b e s  of v e r m e t id  g a s t r o p o d s  an d  a n n e l id  w o r m s  on th e  b a s i s  of m ic  r e ­
s t r u c t u r e  and  s h e l l  l a y e r in g .  T he  c o n c e n t r i c  o r i e n t a t i o n  of th e  c r o s s e d -  
l a m e i l a r  m ic  r o s t r u e t u  r e  is  r e t a in e d  th ro u g h o u t  th e  s c a p h o p o d  s h e l l  w a ll ,  
w h e r e a s  v e r m e t i d  g a s t r o p o d  tu b e s  a r e  c o m p o s e d  of f r o m  t h r e e  to  f ive  l a y e r s  
of c r o s s e d - l a m e i l a r  m i c r o s t r u c t u r e ,  e a c h  l a y e r  o r i e n t e d  d i f f e r e n t ly  w ith  
r e s p e c t  to  th e  a d j a c e n t  l a y e r .  A n n e l id  w o rm  tu b e s  g e n e r a l ly  c o n s i s t  of
fo l ia te d  e a l e i t e  in o n e  o r  t w o  l a y e r s .  An a n a l y s i s  of th e s e  d i f f e r e n c e s  is 
g iv e n  in S c h m id t  (1951).
SPO N G ES 
(P la t e *  98. 99. 109. 101, 102]
S p o n g es  a r e  p r e d o m in a n t ly  m a r i n e ,  s o l i t a r y  a n d  c o lo n ia l ,  s e s s i l e  
i n v e r t e b r a t e *  th a t  Inhab it  b o t to m s  f r o m  th e  lo w - t id e  m a r k  to  a b y s s a l  d e p th s .  
T h e  g e o lo g ic  r e c o r d  of the  p h y lu m  r a n g e s  f ro m  P r e c a m b r l a n  to  R e c e n t .
T h e  b a s i c  s h a p e  of th e  s p o n g e  s k e le to n  Ls th a t  of a  v a s e ,  w ith  c i r c u l a r  
w a l la  th a t  c o m m o n ly  e n c l o s e  a  s h a l lo w  o r  d e e p  c e n t r a l  c a v i ty  ( c lo a c a  o r  
a p o n g o c o e l)  I P la t e  98]. G ro w th  f o r m s  of in d iv id u a ls  an d  c o lo n ie s  in c lu d e  
c y l in d r i c a l ,  g lo b u la r ,  d l s c o l d a i , c o n ic a l ,  p e a r - s h a p e d ,  f a n - s h a p e d ,  and 
i r r e g u l a r  b r a n c h in g  f o r m s .
M in e ra l  C o m p o s i t io n  and  S t r u c t u r a l  E le m e n t s
T h e  w a l l s  of th e  sp o n g e  s k e le to n  m a y  be  c o m p o s e d  of an  op en  m c e h -  
w o rk  of l e a th e r y  o r g a n ic  f i b e r s  (sp ong in ) ,  c a l c i i e ,  a r a g o n i t e ,  o r  s i l i c e o u s  
s p i c u l e s :  s p o n g in  an d  s i l i c e o u s  s p i c u l e s ,  o r  s o l id ,  s t r u c t u r e l e s s  e a l c i t e  
p e n e t r a t e d  by a n e tw o rk  of c a n a l s .
Spongin  d e c a y s  so o n  a f t e r  b u r ia l  anti h a s  not b een  r e c o g n i s e d  in 
f o s s i l s .  S p ic u le s  c o n s t i tu te  the  o ld e s t  r e c o r d  of th e  p h y lu m .  S i l i c e o u s  
s p i c u l e s  a r e  g e n e r a l l y  of two s i z e s  - -  r e l a t iv e ly  l a r g e  s p i c u l e s  ab o u t 
0. 003 m m  o r  m o r e  in s h a f t  d i a m e t e r  (m o g a a c lo r e s ) ,  and  s m a l l e r  s p i c u l e s  
ab o u t  0 .0 0 1  m m  o r  l e s s  in s h a f t  d i a m e t e r  ( r o i c r o s c l e r e a ) .  M e g a a c l e r e s  
f o r m  th e  f r a m e w o r k  of th e  o r g a n i s m  and  a r e  th e  c o m m o n  e l e m e n t  u s e d  in 
c l a s s i f y i n g  fo s s i l  s i l i c e o u s  s p o n g e s .  M t e r o s e l e r e s  a r e  a c c e s s o r y  s p i c u l e s .
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T h e y  ivre u se fu l  In g ro u p in g  s o m e  R e c e n t  s i l i c e o u s  s p o n g e s  b u t ,  b e c a u s e  
of t h e i r  r a r i t y  and  i s o la te d  o c c u r r e n c e s ,  a r e  d i s r e g a r d e d  in  c l a s s i f y i n g  
fo s s i l  s p o n g e s .
C la s s i f i c a t i o n
T h r e e  c l a s s e s  of s p o n g e s  a r e  c o m m o n ly  r e c o g n iz e d  on th e  b a s i s  of 
m i n e r a l  c o m p o s i t io n  and  s y m m e t r y  of th e  s k e le t a l  e l e m e n t s :  th e  C a lc i s p o n g e a ,  
th e  H y a lo sp o n g e a .  and  the  D ero o ep o n g ea  (tie L a u b e n fe ls ,  1955. p. 34: s e e  a l s o  
R e id ,  1957, pp . 2H2-2W6 and  de  L a u b e n fe ls ,  195B, pp. 611 - 6 16 fo r  an  a l t e r n a t e  
g ro u p in g  an d  h i s to r y  of c l a s s i f i c a t io n ) .
T he  C a lc l s p o n g e a  Inc lude  all s p o n g e s  w h o se  s k e l e t o n s  w e r e  c o m p o s e d  of 
c a l c i t e  o r  a r a g o n i t e  s p i c u l e s .  A lso  in c lu d e d  in the  c l a s s  a r e  a few fo s s i l  
s p o n g e s  c o m p o s e d  of hollow  s p h e r e s  w ith  th in ,  s o l id ,  l a m in a t e d  c a l c a r e o u s  
w a l l s  th a t  a r e  p e r f o r a t e d  by s im p le  c a n a l s  [P la t e  99-31 and  a few w ith  th ick ,  
s o l id  w a l l s  p e r f o r a t e d  by a l a b y r in th  of c a n a l s  [ P la t e *  9 9 -2 .  101-11-
S m a l l ,  i s o la te d  c a l c i t e  s p i c u l e s  a p p e a r  to  hav e  a s i n g l e - c r y s t a l  m i c r o -  
s t r u c t u r e ,  w ith  e a c h  s p ic u l e  e x t in g u is h in g  a s  a u n i t  b e tw e e n  c r o s s e d  n ic o ls .
T h e  r e c o g n i t io n  of ind iv idua l c a l c a r e o u s  s p ic u l e s  w ith in  th e  w a ll  of a  f o s s i l  
sp o n g e  is d i f f i c u l t ,  h o w e v e r ,  b e c a u s e  of r e p l a c e m e n t ,  r e c r y s l a l l i z a t l o n ,  o r  
c o a l e s c e n c e  of the  s p i c u l e s . T h e  s p i c u l e s  a r e  u s u a l ly  v is ib le  on th e  e x t e r i o r  
of w e a th e r e d  s p e c i m e n s  and  s o m e t i m e s  in th in  s e c t io n  in a r e a s  of low s p ic u le  
d e n s i ty .  R e c e n t  c a l c a r e o u s  s p ic u l e s  a r e  d e l i c a t e .  T h ey  c o m m o n ly  h av e  two 
r a y s  (d ia c ts ) .  t h r e e  r a y s  ( t r i a d s ) ,  o r  fo u r  r a y s  ( t e t r a d s )  r a d i a t i n g  f ro m  a 
c o m m o n  c e n t e r .  S tout c a l c i t e  s p i c u l e s  w ith  s ix  r a y s  (h e x a c ts ) ,  e ig h t  r a y s
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(oc tacts), and more than eight rays (poly acts) may occur as foes Us.
R e p r e s e n t a t i v e s  of th e  H y a lo s p o n g e a  a r e  g e n e r a l ly  t h in - w a l l e d  and  
c o n s i s t  e n t i r e l y  of an  open  n e tw o rk  of s i l i c e o u s  s p i c u l e s .  M ost r e p r e s e n t a ­
t i v e s  of th e  c l a s s  a r e  c h a r a c t e r i z e d  by s p i c u l e s  w ith  t h r e e  a x e s  ( i r i a x o n s )  
a n d  s ix  r a y s  (h e x a c ts )  th a t  m e e t  a t  r ig h t  a n g l e s  to  e a c h  o th e r .  S o m e  s p o n g e s  
c o n ta in in g  s i l i c e o u s  s p i c u l e s  w ith  tw o a x e s  (d ia x o m )  and  fo u r  a x e s  ( t e t r a x o n s )  
a r e  a l s o  in c lu d e d  in the  g ro u p  (de L au b e n fo ls ,  1955, p . 6 6 ).
T h e  c l a s s  D e m o s p o n g e a  In c lu d e s  all o t h e r  s p o n g e s  w ith  s k e le to n s  
c o m p o s e d  of s i l i c a ,  s i l i c a  a n d  s p o n g in ,  and  s p o n g in  only  am i a few R e c e n t  
sp o n g e s  w ith  no s k e le to n .  T h e  s i l i c e o u s  s p i c u l e s  in th i s  g ro u p  m ay  b e  m o n -  
a x o n s ,  d ia x o n s ,  o r  t e t r a x o n s ,  w ith  r a y s  m e e t in g  a t  a n g le s  of 60* an d  1 2 0 ".
An i r r e g u l a r  s p ic u l e  w ith  lum py  m in e r a l  d e p o s i t s  (a d e a m a )  is  c h a r a c ­
t e r i s t i c  of the  c l a s s .  D eannas a r e  o f ten  found u n i te d  in to  a r ig id  f r a m e w o r k  
w h ich  p r e s e r v e s  the  o r ig in a l  s h a p e  of th e  o r g a n i s m  I P l a t e s  9 9 -4 ,  102-1).
In a s m u c h  a s  th e  s y m m e try '  of th e  s p i c u l e s  is  not a lw a y s  d e t e r m i n a b l e  
f r o m  th in  s e c t i o n s ,  and th e  p r e s e n t  m in e r a l  c o m p o s i t io n  m ay  be  the  r e s u l t  
of r e p l a c e m e n t ,  c o r r e c t  id e n t i f i c a t io n  of s p o n g e s  a t  the  c l a s s  leve l  is o f ten  
d i f f ic u l t .  K ing  (1943, p. 22) s l a t e s  th a t  the p r e s e n c e  of r e c o g n i z a b le  s p ic u l e s  
a n d  th e  r e g u l a r i t y  of a r r a n g e m e n t  of th e  s p ic u l e s  a r e  g e n e r a l ly  in d ic a t iv e  of a 
s i l i c e o u s  sp o n g e  b e lo n g in g  to  e i t h e r  th e  D e m o s p o n g e a  o r  th e  H y a lo sp o n g e a .  
A s s ig n m e n t  to  e i t h e r  c l a s s  m u s t  be  m a d e  on th e  b a s i s  of c r y s t a l  f o rm  of the 
s k e l e t a l  e l e m e n t s  and  a r c h i t e c t u r e  of the  s k e le to n .
S p o n g es  w ith  m a s s i v e  w a l l s  p e n e t r a t e d  by i r r e g u l a r  c a n a l s  a r e  u s u a l ly  
In d ic a t iv e  of the  C a lc la p o n g e a .
i n
A s u m m a r y  of the c l a s s i f i c a t io n  of sponges  is p r e s e n te d  in Table  s.
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V E R T E B R A T E  REM A INS 
I P l a t e s  103, 104, 105, 106)
In c lu d e d  u n d e r  th e  h e a d in g  of v e r t e b r a t e  r e m a i n s  a r e  c o n o d o n ts ,  
f o s s i l  f i s h  s c a l e s ,  d e r m a l  p l a t e s ,  a n d  b o n e  m a t e r i a l .  All of t h e s e  o b je c t s  
a r e  c h a r a c t e r i z e d  by  a  c h e m ic a l  c o m p o s i t io n  of c a l c iu m  p h o s p h a te  in the  
fo rm  of c o l to p h a n e .
T h e  c o l lo p h a n e  is  c o l o r l e s s ,  a m b e r ,  o r  b ro w n  in th in  s e c t i o n  u n d e r  
o r d i n a r y  l ig h t  and  is  b l u i s h - g r a y  to  b la c k  w ith  u n d u io se  e x t in c t io n  u n d e r  
c r o s s e d  n ic o l s .  T h e  m i c r o s t r u c t u r e  of th e  p h o s p h a te  is “f i b r o u s "  am i (o r)  
l a m i n a r " ,  o r  th e  p h o s p h a te  m a y  b e  d e n s e  an d  s t r u c t u r e l e s s .
V e r t e b r a t e  r e m a in s  a r e  r e l a t iv e ly  r a r e  in a n o rm a l  s e c t i o n  of m a r i n e  
s e d i m e n t s ,  but th e y  m ay  b e  c o n c e n t r a t e d  lo c a l ly  to  f o r m  th e  m o s t  c o m m o n  
o r g a n ic  c o n s t i tu e n t  of a b e d  { P la te s  105. 106). S o m e t im e s ,  th e  d i f f e r e n t  
f o s s i l  f r a g m e n t s  c a n  be  id e n t i f ie d  by t h e i r  s h a p e  and  the  f in e r  d e t a i l s  of 
t h e i r  m i c r o s t r u c t u r e .
CO NODONTS 
( P l a t e s  103. 105-3 , 106-1, 106-2)
C o n o d o n ts  a r e  m in u te ,  to o th l ik e  f o s s i l s  w h ich  ta k e  the  s h a p e  of s im p le  
c o n e s  w ith  c i r c u l a r  o r  po lygona l  c r o s s  s e c t i o n ,  d e n t i c u la t e  b a r s  and  b l a d e s . 
and  p l a t f o r m s .  T h e y  r a n g e  in s i z e  f ro m  a f r a c t io n  of a m i l l i m e t e r  to  abou t 
3 m m . T h e y  h av e  a  w o r ld - w id e  d i s t r i b u t io n  a n d  a r e  found e x c lu s iv e ly  in 
m a r i n e  s e d im e n t s .  T h e i r  g e o lo g ic  r a n g e  is b w e r  O r d o v ic ia n  to  U p p e r
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T r  l a s s i e  bu t  th i s  m a y  b e  e x te n d e d  d o w n w a rd  to  U p p e r  C am b rL an  an d  u p w a rd  
to  U p p e r  C r e t a c e o u s  (H a s s ,  1962, p . 3ft a n d  43),
A lth o u g h  t h e i r  z o o lo g ic a l  a f f in i t i e s  an d  fu n c t io n s  a r e  s t i l l  in doub t,  
th e y  a r e  in c lu d e d  h e r e  w ith  " v e r t e b r a t e  r e m a i n s ” b e c a u s e  of t h e i r  c o m m o n  
o c c u r r e n c e  in "B o n e  B e d s ” in a s s o c i a t i o n  w ith  s u c h  u n d o u b te d  v e r t e b r a t e  
r e m a i n s  a s  bone  f r a g m e n t s ,  t e e th ,  and  d e r m a l  p l a t e s .
C o n o d o n ts  a r e  c o m p o s e d  of m u l t ip le  l a m in a e  of d e n s e  c a l c iu m  p h o s p h a te  
w h ich  w a s  s e c r e t e d  o u tw a rd  ab o u t a c e n t r a l  p u lp l ik e  c a v i ty .  T h ey  c a n  be  
d i s t i n g u i s h e d  f ro m  s c o le c o d o n t s ,  th e  Jaw s and  t e e th  of a n n e l id  w o r m s ,  by 
I h e i r  c o m p o s i t io n  a n d  m i c r o s t r u c t u r e .  S c o le c o d o n ts  a r c  c o m p o s e d  of s i l i c a  
an d  c h i t  in an d  show no d i s t i n c t  m i e r e s t r u c t u r e  in r a n d o m  th in  s e c t io n .
O c c a s io n a l ly ,  c o n o d o n ts  c a n  b e  d i s t i n g u i s h e d  f ro m  o th e r  v e r t e b r a t e  
r e m a i n s  in th in  s e c t i o n  by t h e i r  i r r e g u l a r  s h a p e ,  u s u a l ly  e x h ib i t in g  d e n t i c l e s  
a lo n g  one  o r  m o r e  m a r g i n s ,  by t h e i r  d e n s e ,  f in e ly  la m in a t e d  r o i c r o s t r u c t u r e ,  
o f ten  a p p e a r in g  a s  " c o n e “ in -c o n e  s t r u c t u r e "  c o in c id e n t  w ith  e a c h  d e n t ic le ,  
and  by t h e i r  u n d u lo s e  e x t in c t io n ,  s i m i l a r  to  th a t  o b s e r v e d  in s p h e r u l i t e s .
O r ie n te d  th in  s e c t i o n s  of l a m i n a r  co n o d o n ts  a r e  i l l u s t r a t e d  in H a s s  
(1941. P l a t e s  12-16 . 1962).
FISH S C A L E S  AND D E R M A L  P L A T E S  
V I P l a t e s  103-3 , 104-4 , 106-1 , I06-2J 
F o s s i l  f i s h  s c a l e s  and  d e r m a l  p la te s  c a n  s o m e t i m e s  b e  r e c o g n i s e d  by 
t h e i r  s h a p e  and  c o n c e n t r i c a l l y  l a m in a te d  m t c r o e t r u c t u r e .
O ne c o m m o n  s h a p e  of d e r m a l  p la te s  is  tha t of a r h o m b o h o d ro n .  W hen
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s e e n  in th in  s e c t i o n ,  th e  r h o m b s  d i s p la y  c o u r s e ,  c o n c e n t r i c  l a m in a e  
( s p a c e d  a b o u t  0 . 01 m m  a p a r t )  an d  a  r e l a t i v e l y  c o a r s e ,  " f i b r o u s "  s t r u c t u r e  
r a d i a t i n g  o u tw a rd  f r o m  a p o in t  c e n t e r .  T h e  ’f i b e r s "  a r e  f a i r l y  u n i fo rm  in 
s i t e  (0 , 005 m m  in d i a m e t e r  in th e  D ev o n ian  s p e c i m e n s  sh o w n  in P l a t e  104-4) 
a n d  a p p e a r  to  b e  s u p e r i m p o s e d  on th e  l a m in a e  w h en  v ie w e d  in p o l a r i s e d  l ig h t .  
T h in  s e c t i o n s  th ro u g h  th e  c e n t e r  of a  rh o m b  show  i ro n  c r o s s  e x t in c t io n .
S o m e  f i s h  s c a l e s  a l s o  c o n ta in  a  th in  o u t e r  r in d  of e n a m e l ,  s i m i l a r  to  
th a t  found on te e th .  T h e  e n a m e l  l a y e r  a p p e a r s  b r ig h t  in th in  s e c t i o n  and  
a p p e a r s  to  c o n s i s t  of m in u te  p r i s m s  o r i e n t e d  n o rm a l  to  the  s u r f a c e .
T E E T H
( P l a t e s  104-1 , 104-2, 104-3, 105, 106|
T h e  c u s p s  of t e e th  c a n  u s u a l ly  b e  r e c o g n ix e d  by t h e i r  c i r c u l a r ,  
e l l i p t i c a l ,  o r  t r i a n g u l a r  c r o s s  s e c t i o n s  am i by th e  p r e s e n c e  of an  o u t e r  
e n a m e l  l a y e r  in w e ll  p r e s e r v e d  s p e c i m e n s .
T h e  e n a m e l  l a y e r  c o v e r s  an  in n e r  xone of v e s i c u l a r  b o n e  m a te r i a l  
in s o m e  t e e th  o r  an  in n e r  t o n e  of d e n s e  f i b e r s  w h ich  r a d i a t e  o u tw a rd  f ro m  
a  ho )lew , c o n ic a l  p u lp  c a v i ty  in o t h e r s .
T h e  e n a m e l  l a y e r  is  c o a r s e r  t e x t u r e d  th a n  th e  f ib r o u s  in n e r  m a te r i a l  
a n d  a p p e a r s  a s  a d i s t i n c t  b r ig h t  r in d  in th in  s e c t i o n s .  U nder  c r o s s e d  n i c o l s . 
th e  e n a m e l  a p p e a r s  to  c o n s i s t  of ' ' p r i s m s "  w ith  u n d u lo s e  e x t in c t io n ,  o r i e n t e d  
n o r m a l  to  th e  o u te r  s u r f  act).
BONE
[ P l a t e s  105-1, 105-2 , 106-1 , 106-2)
F r a g m e n t s  of bone  c a n  b e  r e c o g n i s e d  by t h e i r  I r r e g u l a r  s h a p e  and  
a  v e s i c u l a r  t e x t u r e  f o r m e d  by d e n s e ,  f ib r o u s ,  o r  s t r u c t u r e l e s s  c a l c iu m  
p h o s p h a te  e n c lo s in g  I r r e g u l a r  ho llow  c a v i t i e s .
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GL06SAHY
T h e  fo llow ing  d e f in i t io n s  a r e  m a in ly  f r o m  B 4ggild  (1930), D ana (1932), 
G ra n t  (1953), and  N e i l s o n ,  K no tt ,  and  C a r  h a r t  ( i9 6 0 ) .
A ra g o n i te  -  UaC<>3. o r t h o r h o m b i c ,  b ia x ia l  ( - ) ,  1 .5 3 0 ,  n a  1 .6 8 0 ,
n r ^ 1 .6 8 5 ,  c l e a v a g e  im p e r f e c t  p a r a l l e l  to  le n g th  of c r y s t a l s ,  s p .  g r .  - 
2 .9 3  - 2 .9 5 ,  r e l i e f  v a r i e s  w ith  d i r e c t i o n ,  s t a i n e d  b la c k  by F e ig l ' s  
s o lu t io n  in a p p r o x im a te ly  1 m in u te .
C a lc i t e  -  C aC O a, h e x a g o n a l ,  u n ia x ia l  ( - ) ,  n c ~ 1 .4 8 6 ,  nw - 1 .6 5 8 ,  c l e a v a g e  
p e r f e c t  r h o m b o h e d r a l , r e l i e f  v a r i e s  w ith  d i r e c t i o n ,  s p .  g r .  1 2 .7 1 .
C hftin  - C j 5 H2 6 OI Oh’2* “ T h e  h o rn y  s u b s t a n c e  w hich  f o r m s  th e  f r a m e w o r k  
o f  i n v e r t e b r a t e s  ( c r a b s ,  l o b s t e r s ,  b e e t l e s )  and is  th e  a n im a l  a n a lo g  of 
the  c e l lu lo s e  of p la n ts  , ” (G ra n t ,  1 9 5 3 .)
C e l lo p h a n e *  ( e a r b o n a te - h v d r o x y  l - f l u o r i n e - a p a l i t e > ,  a m o r p h o u s ,  n ' 1 .5 7  -
1 .6 3 ,  c o l o r l e s s ,  g r a y ,  l igh t to  d a r k  b ro w n ,  y e l lo w ish  b ro w n ,  m o d e r a t e  
p o s i t i v e  r e l i e f ,  s p .  g r ,  2 .6  - 2 . 9 .
C om plex  c r o s s e d * l a m e l l a r  m i c r e s t r u c t u r e  - A d i s o r d e r l y  a r r a n g e m e n t  of the  
e l e m e n t s  of c r o s s e d * l a m e l l a r  m i c r o s t r u c t u r e .  T h e  e l e m e n t s  a r e  a r r a n g e d  
in a ll  p o s s i b l e  d i r e c t i o n s .  Any s e c t i o n  th r o u g h  th e  s h e l l  s h o w s  an a p p a r e n t  
c r o s s i n g  of th e  s t r u c t u r a l  e l e m e n t s  s i m i l a r  to  th a t  s e e n  in s e c t i o n s  p a r a l l e l  
to the  t a r g e  l a m e l l a e  of c r o s s e d - l a m e H a r  s t r u c t u r e .  M ay b e  f o r m e d  of 
c a l c i t e .  U su a l ly  found in th e  in n e r m o s t  l a y e r s  of b iv a lv e s  and  gastropods* . 
U nknown o u t s id e  th e  m o l lu s k s .
( o n c h io l in  - C :ioH 20G [oN 2 ■ “A p r o t e i n  f ro m  th e  s h e l l s  o f  m o l lu s c s ,  
r e s e m b l in g  k e r a t i n .  '* (G ra n t ,  19 5 3 .)
C r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  * N u m e ro u s  b r a n c h in g  and w edging  la m e l l a e  
o r i e n t e d  p e r p e n d i c u l a r  o r  s l ig h t ly  in c l in e d  to  the  p la n e  o f  a  s h e l l  l a y e r ,  
e a c h  l a m e l l a  c o m p o s e d  of s m a l l  c r y s t a l s  in c l in e d  in the  p la n e  of a l a m e l l a  
a t  a c o n s ta n t  a n g le  and in c l in e d  in o p p o s i te  d i r e c t io n s  in a d ja c e n t  l a m e l l a e .  
C o m m o n  in m a j o r  s t r u c t u r a l  la y e r*  of g a s t r o p o d s ,  b iv a lv e s ,  s c a p h o p o d s ,  
and  c h i t o n s . Unknown in c e p h a lo p o d a  an d  o t h e r  o r g a n i s m s .  M ost perfectly- 
d e v e lo p e d  in a r a g o n i t i c  s h e l l s ,  m a y  b e  f o r m e d  of c a l c i t e .
C r y s t a l  * ’’A body fo rm e d  by th e  s o l i d i f i c a t io n ,  u n d e r  f a v o ra b le  c o n d i t io n s ,  of 
a c h e m ic a l  e l e m e n t ,  a c o m p o u n d ,  o r  an  i s o m o rp h o u *  m i x t u r e ,  an d  boun d ed  
by p la n e  s u r f a c e s  s y m m e t r i c a l l y  a r r a n g e d ,  w h ich  a r c  the  e x t e r n a l  e x p r e s ­
s io n  of a d e f in i te  i n t e r n a l  s t r u c t u r e . ( N e l L s o n ,  K no tt ,  and C a r h a r t ,  1960. )
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F ib e r  -  "A th r e a d  o r  t h r e a d l ik e  s t r u c t u r e  o r  o b je c t . .  . . . ” ( N e i lso n ,  K nott,  
and  C a r h a r t ,  I 9 6 0 . )  S le n d e r  o b je c t s  h av in g  tw o s m a l l  d im e n s io n s  and  o n e  
long  d im e n s io n  w ithou t r e g a r d  to a b s o lu t e  s i z e .
F o l ia te d  -  " K e s e m b l in g  a  l e a f ,  o r  l e a v e s ,  s p e c i f .  , h av ing  l e a v e s ,  l a m in a e ,  o r  
l e a f l ik e  p r o j e c t i o n s ;  a s ,  a  fo l ia te d  s h e l l . "  (N e i lso n ,  K no tt ,  an d  C a r h a r t ,  
1 9 6 0 . 1
F o l ia te d  m i e r o s t r u e t u r c  - N u m e ro u s  th in  (0. 001 to  0. 002 m m  c a l c i t e  l a m e l l a e .  
L a m e l l a e  m a y  be  long and u n i f o r m ly  o r i e n t e d  w ith in  a l a y e r  o r  s h o r t  and 
r a n d o m ly  o r i e n t e d .  O r i e n t a t i o n  of C a x is  v a r i a b l e .  A lw ays c a l c i t e .  C o m m o n  
in  b r a c h i o p o d s , B rv o z o a ,  s o m e  b iv a lv e s  and g a s t r o p o d a ,  am i in  s o m e  w o rm  
tu b e s .
G ra in  -  "Any s m a l l ,  h a r d  p a r t i c l e ,  a s  of s a n d ,  s u g a r ,  s a l t .  e t c .  ; h e n c e ,  any 
m in u te  p o r t i o n  o r  p a r t i c l e  ’’ (N e i ls o n ,  K n o tt ,  and C a r h a r t ,  I960 . )
G ra in e d  m i c r o s t r u c t u r e  - An im p e r f e c t  a g g r e g a t e  o r  I r r e g u l a r  c a l c i t e  o r  
a r a g o n i t e  g r a i n s .  Fouml a s  s t r u c t u r a l  l a y e r s  in the  s h e l l s  o f  s o m e  
m o d e rn  m o l lu s k s .
H o m o g e n e o u s  - "O f the  s a m e  k ind  o r  n a t u r e ,  c o n s i s t i n g  of s i m i l a r  p a r t s ,  o r  
of e l e m e n t s  of l ik e  n a t u r e . . . . . "  (N e i ls o n ,  K n o tt ,  and  C a r h a r t ,  I 9 6 0 . )
H o m o g e n e o u s  m i c r o e t r u c t u r e  -  An o r d e r l y  a r r a n g e m e n t  of u n i fo rm ly  s m a l l  
m i e r o a t r u c t u r a l  e l e m e n t s  o f  s u c h  s i z e  th a t  in d iv id u a l  e l e m e n t s  a r e  not 
d i s t i n c t l y  v i s ib l e  in s t a n d a r d  th in  s e c t i o n s  in o r d in a r y  l igh t a t X 500. 
C o m m o n  in c a l c i t i c  s h e l l s  of F o r a m l n i f e r a ,  o a t r a e o d s  and t r i l o h i t e a  ami 
in ayag 'on ft lc  s h e l l s  of m o l lu s k s .
L a m e l la  -  "A  th in  p la t e ,  le a f ,  l a y e r ,  a  p la t e l i k e  o r g a n ,  p r o c e s s ,  o r  p a r t  "
(N e i ls o n ,  K nott,  and  C a r h a r t ,  1960. i
L a m in a  - "A th in  p la te  o r  s c a l e ,  a l a y e r ,  a f la k e .  . . . "  (N e ilao n ,  K nott,  anti 
C a r h a r t ,  1960. ) T a b u la r  b o d ie s  w ith  o n e  s m a l l  d im e n s io n  and two l a r g e  
d i m e n s i o n s .  G e n e r a l ly  u s e d  to d e s c r i b e  l a y e r s  o r  s t r u c t u r e s  w hich d is p la y  
u n i f o r m i ty  in s i z e ,  s p a c in g  o r  o r i e n t a t i o n .
L a y e r  -  . .o n e  t h i c k n e s s ,  c o u r s e ,  o r  fold la id  o v e r  o r  u n d e r  a n o t h e r . "
(N e i ls o n ,  K no tt ,  and C a r h a r t ,  1960. ) In s k e l e t o n s ,  d i s t i n g u i s h e d  by a 
c h a n g e  in  c o m p o s i t io n ,  m i e r o s t r u c t u r e  o r  o r i e n t a t i o n  of m i c r o a t r u c t u r e .
N a c re  ~ "In  v a r io u s  s h e l l s ,  th e  i r i d e s c e n t  in n e r  l a y e r  c o n s i s t i n g  ch ie f ly  of 
c a l c iu m  c a r b o n a t e  ( a r a g o n i te )  d e p o s i te d  In th in  o v e r la p p in g  s h e e t s  w ith  
» o m «  o r g a n i c  m a t t e r ,  e s p .  c o n c h io l in ;  m o t h e r - o f - p e a r l . "  (N e ilso n ,
K no tt ,  ami C a r h a r t ,  1960. )
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N a c re o u s  m i c r o s t r u c t u r o  -  An o r d e r l y  a r r a n g e m e n t  of n u m e ro u s  th in  
(0 , 0 0 1  m m )  a r a g o n i t e  l a m in a e ,  e a c h  s e p a r a t e d  by th in  f i lm s  o f  o r g a n ic  
m a t e r i a l  of eq u a l  t h i c k n e s s  and  u n i f o r m  o r i e n t a t i o n .  L a m in a e  m a y  b e  
p a r a l l e l  to  s h e l l  s u r f a c e  o r  p a r a l l e l  to  g ro w th  l i n e s . .  C o m m o n  in b iv a lv e s ,  
g a s t r o p o d s ,  and  c e p h a lo p o d a .  U nknown o u t s id e  th e  m o l lu s k s .
O p a l - S iOg • n l l2 0 , a m o r p h o u s , n ■ 1 .4 0  -  1 .4 0 ,  c o l o r l e s s  to  g r a y  o r  
b ro w n  in th in  s e c t i o n ,  h igh  n e g a t iv e  r e l i e f ,  s p .  g r .  ^ 1 .9  -  2 .3 .
O r ig in a l  -  . . t h a t  w h ich  is  p r i m a r y .  . . . ” (N e i ls o n ,  K n o tt ,  and  C a r h a r t ,
I 9 6 0 . )  if  t h e r e  is no v i s ib l e  e v id e n c e  of r e c r v s t a l l i s t a t i o n  o r  r e p l a c e m e n t  
in a s h e l l ,  th e  s h e l l  c o m p o s i t io n  and  m t c r o s t r u c t u r e  is p r e s u m e d  to b e  
th e  o r ig i n a l .
P o lygona l - "H av ing  m a n y  a n g le s  ( e s p .  m o r e  than  fo u r ) ,  ami h e n c e  m a n y  
s i d e s  " (N e i ls o n ,  K n o tt ,  anti C a r h a r t ,  I9 6 0 ,  )
P r i s m  - (U sed  In th e  g e o m e t r i c  s e n s e .  ) "A s o l id  w h o se  b a s e s  o r  c o d s  a r c  
s i m i l a r ,  e q u a l ,  am i p a r a l l e l  p o ly g o n s ,  th e  fa c e s  b e in g  p a r a l l e l o g r a m s . ” 
" S o m e th in g  s h a p e d  o r  f o r m e d  like  a g e o m e t r i c a l  p r i s m . "  (N e ilso n ,
K nott,  and  C a r h a r t ,  I 9 6 0 . )
P r i s m a t i c  m i c r o s l r u c t u r e  -  (A) N o rm a l  p r i s m a t i c  n u m e ro u s  s in g l e  c r y s t a l  
in d iv id u a ls  of q u a d r a n g u l a r  o r  p o ly g o n a l c r o s s  s e c t i o n ,  o r i e n t e d  w ith  t h e i r  
le n g th  p e r p e n d i c u l a r  o r  s l ig h t ly  in c l in e d  to  th e  p la n e  of th e  l a y e r ,  r a r e l y  
o r i e n t e d  w ith  t h e i r  le n g th  in the  p la n e  of th e  l a y e r .  F o r m e d  of e i t h e r  c a l c i t c  
o r  .a r a g o n i t e .  IB) C o m p lex  p r i s m a t i c  n u m e ro u s  s o l id s  of q u a d r a n g u l a r  o r  
p o ly g o n a l  c r o s s  s e c t i o n  o r i e n t e d  w ith  t h e i r  le n g th  p e r p e n d i e u l a r  o r  s l ig h t ly  
in c l in e d  to  the  p la n e  of th e  l a y e r .  E ac h  s o l id  r e s e m b l e s  a n o r m a l  g e o m e t r i c  
p r i s m  bu t is c o m p o s e d  of s m a l l e r  c r y s t a l s  r a d i a t i n g  o u tw a rd  f ro m  th e  
c e n t r a l  a x i s .  B e tw e e n  c r o s s e d  n i c o t s ,  t r a n s v e r s e  s e c t i o n s  d i s p la y  a b la c k  
e x t in c t io n  c r o s s .  L o n g itu d in a l  s e c t i o n s  d i s p la y  a c e n t r a l  d a r k  l in e  of e x t in c ­
t io n  w hich  s w in g s  to  th e  s id e  of th e  s o l id  a s  th e  s t a g e  is r o t a t e d .  Found only  
in m o l lu s k s .  F o r m e d  of e i t h e r  c a l c i t e  o r  a r a g o n i t e .  (C) C o m p o s i te  
p r i s m a t i c  l a r g e  s o l i d s ,  e a c h  c o m p o s e d  of s m a l l  g e o m e t r i c  p r i s m s  ( e i th e r  
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Plat® 1
C o m m o n  M i e r o s l r u c t u r e *  of C a i c a r e o u a  I n v e r t e b r a t e  S ke le ton*
a )  H o m o g en eo u s  p r i s m a t i c  m i c r o s t r u c t u r e ,  a s  s e e n  In th in  s e c t i o n  in o r d i ­
n a r y  t r a n s m i t t e d  l ig h t  a n d  b e tw e e n  c r o s s e d  n ic o ls  T h e  m i c r o s t r u c t u r e  
is  a n  a g g r e g a t e  of u n i f o r m ly  s m a l l  c r y s t a l s  of s u c h  s i z e  th a t  in d iv id u a l  
c r y s t a l s  a r e  not d i s t i n c t l y  v i s ib l e  a t m a g n i f i c a t io n s  of X 500 . It is 
c o m m o n  in s h e l l s  of f o r a m * , o s t r a c o d s ,  t r i l o b i t e s ,  and  s o m e  m o il  u s  k a .
b )  N o rm a l  p r i s m a t i c  m i c r o s t r u c t u r e .  T h e  f ig u r e  s h o w s  an a g g r e g a t e  of 
n o r m a l  p r i s m s  in lo n g i tu d in a l  s e c t i o n  o f  a  s h e l l  l a y e r  b e tw e e n  c r o s s e d  
n ic o ls  and  th e  a p p e a r a n c e  o f  th e  a g g r e g a t e  w hen cu t  t r a n s v e r s e l y  A lso  
sh o w n  a r e  fo u r  c o m m o n  c r o s s - s e c t i o n a l  s h a p e s  of n o r m a l  p r i s m s .  P r i s m s  
s i m i l a r  to  1 and  2 a r e  found in th e  in n e r  s h e l l  l a y e r  o f  tm p u n c ta te  and  
p u n c ta te  b r a c h io p o d s ;  p r i s m a  s i m i l a r  to 1. 3, and  4 a r e  found in the  
s h e l l s  of m o t lu s k a .
c) C o m p lex  p r i s m a t i c  m s e r o s t r u e t u r e  T h e  f ig u r e  s h o w s  an  a g g r e g a t e  of 
c o m p le x  p r i s m s  in  lo n g i tu d in a l  s e c t i o n  o f  a s h e l l  l a y e r  b e tw e e n  c r o e s e d  
n ic o ls  and  th e  a p p e a r a n c e  of the  a g g r e g a t e  w hen cu t  t r a n s v e r s e l y .  E ach  
c o m p le x  p r i s m  is boun d ed  by " c r y s t a l "  f a c e s  and  o u tw a r d ly  r e s e m b l e s  a 
n o r m a l  g e o m e t r i c  p r i s m  in o r d i n a r y  l ig h t .  A s in g l e  c o m p le x  p r i s m  is  not 
a c r y s t a l  lo g ra p h ic  u n it  bu t  is  an  a g g r e g a t e  of s m a l l  c r y s t a l s  o r  f i b r i l s  
w h ich  r a d i a t e  o u tw a rd  and  d o w n w a rd  (o r  u p w a rd )  f ro m  a  c e n t r a l  a x i s ,  a s  
i l l u s t r a t e d  by  th e  c u ta w a y  v iew  of one  p r i s m .  C o m p le x  p r i s m s  a r e  known 
on ly  f r o m  th e  s h e l l s  of m o t lu s k a
d) C o m p o s i t e  p r i s m a t i c  m l c r o s t r u p t u r e  T h e  f ig u re  s h o w s  t h r e e  c o m p o s i t e  
" p r i s m s "  a s  s e e n  In t r a n s v e r s e  s e c t i o n s  of a s h e l l  l a y e r  and  an  id e a l iz e d  
s k e tc h  of a  s in g le  c o m p o s i t e  p r i s m .  E ac h  c o m p o s i t e  p r i s m  is a  s o l id  
c o m p o s e d  o f  an  a g g r e g a t e  of s m a l l  p r i s m s  ( e i t h e r  n o r m a l  o r  c o m p le x )  
r a d i a t i n g  o u tw a rd  f ro m  a c e n t r a l  a x i s .  U nlike  c o m p le x  p r i s m s *  i l l u s ­
t r a t e d  in (c) ,  th e y  a r e  r e l a t i v e ly  l a r g e ,  g e n e r a l l y  o r i e n t e d  w ith  t h e i r  
long  d im e n s io n  in the  p la n e  of a s h e l l  l a y e r ,  a r e  not b o u n d ed  by  s m o o th  
s u r f a c e s ,  and  a r e  in t im a te ly  r e l a t e d  to  e a c h  o th e r  and to  th e  s u b ja c e n t  
s h e l l  l a y e r  hv  an  in t e r g r o w th  of c r y s t a l s .  T h is  m i c r o s t r u c t u r e  is  known 
on ly  f r o m  th e  s h e i l a  of m o t lu s k a ,
I N V E R T E B R A T E  S K E L E T A L  B l C I O S T S B C T H R t S :
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m a t e  2
C o m m o n  Mi c r  o s  t r u e  tu r t le  of C a l c a r e o u s  I n v e r t e b r a t e  S k e le to n s
a)  F o l ia te d  am i n a c r e o u s  m i c r o s t r u c t u r e s .  T h e  fu n d a m e n ta l  d i f f e r e n c e  b e tw e e n  
th e  tw o  m i c r o s t r u c t u r e s  la m in o r a lo g i c .  F o l ia te d  l a y e r s  c o n s i s t  o f  th in ,  
t a b u l a r  l e a v e s  o f  c a l c i t e ,  w h e r e a s  n a c r e  c o n s i s t s  o f  th in ,  t a b u l a r  l e a v e s  of 
a r a g o n i t e .  As a  r u l e ,  t h e  c o m p o n e n ts  of f o l i a te d  m i c r o s t r u c t u r e  d i s p la y  
v a r i a t i o n s  in  s i z e ,  o r i e n t a t i o n  of l e a v e s ,  an d  o r i e n t a t i o n  o f  o p t ic  a x e s .
T h e  c o m p o n e n ts  o f  n a c r e  a r e  u n i fo rm  in s i r e ,  o r i e n t a t i o n  w ith in  a  s h e l l  
l a y e r ,  and o p t ic  p r o p e r t i e s  T h e  f ig u r e  I l l u s t r a t e s  tw o e x t r e m e s  of 
o r i e n t a t i o n  (1) s e v e r a l  r a n d o m ly  o r i e n t e d  b u n d le s  of c a l c i t e  l e a v e s  as  
they  o c c u r  in th e  s h e l l s  o f  o y s t e r s ,  ami (2) th e  c o m m o n  o r i e n t a t i o n  of 
n a c r e  a s  i t  o c c u r s  In o t h e r  m o l lu s k s .  F o l ia te d  m i c r o s t r u c t u r e  o c c u r s  
in m o t lu s k a ,  p s e u d o p u n c ta te  b r a c h i o p o d s ,  s o m e  B rv o z o a ,  and  s o m e  
w o rm  tu b e s  N a c re  o c c u r s  o n ly  in  th e  m o t lu s k a ,
b f  S i n g l e - c r y s t a l  m i c r o s t r u c t u r e .  L a y e r s ,  p i e c e s ,  o r  im p o r ta n t  p a r t s  of 
i n v e r t e b r a t e  s k e le to n s  w h ich  hav e  the  p h y s ic a l  and  o p t i c a l  p r o p e r t i e s  of 
a s in g le  c a l c i t e  c r y s t a l  a r c  r e f e r r e d  to  th i s  m i c r o s t r u c t u r e .  T h e  f ig u re  
i l l u s t r a t e s  two a d j a c e n t  p la te s  o f  an  e c h i n o d e r m  s k e le to n .  U n d e r  c r o s s e d  
n ic o l s ,  e a c h  l a y e r ,  p i e c e ,  o r  p a r t  of th e  s k e le t o n  e x t in g u i s h e s  a s  a u n i t .
In o r d i n a r y  l ig h t ,  on ly  t r a c e s  of c a l c i t e  c l e a v a g e  o r ,  in th e  c a s e  of 
e c h in o d e r m  f r a g m e n t s ,  th e  r e l i c t  a r c h i t e c t u r e  of th e  o r g a n ic  r e s id u e  a r e  
v i s ib l e .  S i n g l e - c r y s t a l  m i c r o s t r u c t u r e  is  c h a r a c t e r i s t i c  of th e  s k e le to n s  
of a l l  e c h i n o d e r m s .  s h e l l  l a y e r s  o f  s o m e  m o l lu s k s .  p a r t s  o f  f e n e s t r a t e  
B r v o z o a ,  ami th e  s p i c u l e s  o f  s o m e  s p o n g e s .
e> C r o s a e d - l a m e l l a r  m i c r o s t r u c t u r e .  T h e  m i c r o s t r u c t u r e  is  an  a g g r e g a te  
of w ed g in g ,  b r a n c h in g  f i r s t - o r d e r  l a m e l l a e  c o m p o s e d  of m in u te ,  la th l ik e  
s e c o n d - o r d e r  l a m e l l a e  w hich  a r e  in c l in e d  in th e  p la n e  o f  a d ja c e n t  f i r s t -  
o r d e r  l a m e l l a e  in o p p o s i te  d i r e c t i o n s  and  a t  c o n s ta n t  a n g le s  of 41* f ro m  
th e  h o r i z o n t a l .  T h e  f ig u r e  sh o w s  th e  m i c r o s t r u c t u r e  a s  s e e n  in (1) th in  
s e c t i o n s  w h ich  cu t the  f i r s t - o r d e r  l a m e l l a e  t r a n s v e r s e l y  a p p r o x im a te ly  
in th e  p la n e  of FG J1, (2) th in  s e c t i o n s  w’h lc h  cut th e  f i r s t - o r d e r  l a m e l l a e  
o b l iq u e ly  a p p r o x im a te ly  in th e  p la n e  of D EH I, and  (3) th in  s e c t i o n s  
a p p r o x im a te ly  p a r a l l e l  to  the  p la n e  of BCDH. In a s m u c h  a s  e a c h  f i r s t -  
o r d e r  l a m e l l a  is  v e r y  th in ,  a  s e c t i o n  a p p r o x im a te ly  p a r a l l e l  to  BCDH 
w ill c u t  s e v e r a l  l a m e l l a e ,  am i t h e i r  c o m p o n e n t  s c c o n d - o r d e r  l a m e l l a e  
w ill a p p e a r  to  c r o s s  at a n g le s  a p p r o a c h in g  82* and 98 ' . T h e  m i c r o ­
s t r u c t u r e  o c c u r s  only  In s h e l l s  of m o l lu s k s ,
d) F ib e r  f a s c i c l e s .  T he  f ig u r e  s h o w s  th e  c o n s t r u c t io n  of a c o r a l  s e p tu m  
c o m p o s e d  of f ib e r  f a a c f c le s  s t a c k e d  one  on  top  of th e  o th e r  in in c l in e d  
row *  and  a c u ta w a y  v iew  of o n e  id e a l iz e d  s p h e r u l l t i c  f a s c i c l e  w h ich  has  
c r y s t a l l i z e d  abou t a p o in t  c e n t e r .  F ib e r  f a s c i c l e s  a r e  th e  b a s i c  u n it  of 
e o e l e n t e r a t e  s k e le t o n s  bu t  a r e  not r e c o g n iz e d  in o t h e r  phy la
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Plate 3
H om ogeneous P r ism a tic  M icrostru ctu re
T h e  f ig u r e s  i l l u s t r a t e  h o m o g e n e o u s  p r i s m a t i c  m i c r o s t r u c t u r e  a s  s e e n  in th e  
c a l c l t t c  c a r a p a c e  of a t r l l o b i t e  In p la n e  p o l a r i z e d  ligh t (1) and  b e tw e e n  c r o s s e d  
n ic o ls  (21. C o m p o n e n ts  o f  th e  m i e r o s t n i c t u r e  a r e  not v i s ib l e  in o r d i n a r y  ligh t 
a t  th e  h ig h e s t  m a g n i f i c a t io n s  a t t a in a b l e  w ith  th e  p e t r o g r a p h i c  m i c r o s c o p e  but 
th e  s k e l e t o n  e x t in g u i s h e s  p r o g r e s s i v e l y  b e tw e e n  c r o s s e d  p o l a r i z e r s  a s  p a r t s  
o f  th e  s k e le to n  b e c o m e  a l ig n e d  w ith  th e  p la n e s  o f  p o l a r i z a t i o n ,  and  a s  i f  th e  
s k e l e t o n  w e r e  c o m p o s e d  o f  m in u te  n o r m a l  c a l c i t e  p r i s m s  o r i e n t e d  w ith  t h e i r  
C a x e s  p e r p e n d i c u l a r  to  th e  s u r f a c e  of th e  s k e le to n .
D lto m o p y g e  »p.
T h in  s e c t io n
1. P la n e  P o la r i z e d  Light
2. C r o s s  P o l a r i z e d  l i g h t
P e n n s y lv a n ia n .  T e x a s  






Normal P r ism a tic  M icrostru ctu re
1. L o n g i tu d in a l  o b l iq u e  c u t  th r o u g h  a c l u s t e r  o f  n o r m a l  c a l c i t e  p r i s m a  f ro m  
th e  o u t e r  l a y e r  o f  l n o c e r a m u a . E ach  n o r m a !  p r i s m  a c t s  a s  an  in d iv id u a l  c r y s t a l ,  
d i s p la y in g  u n i t  e x t in c t io n  b e tw e e n  c r o s s e d  n ic o ls .
in o c c r a m u s  s p .  ( P e r n ld a e )
T h in  S ec t io n
C r o s s  P o l a r i s e d  l i g h t
C r e t a c e o u s , Sou th  D ako ta  
P e -5 1  -K Sd 
X 16
2. “ 3, T r a n s v e r s e  cut th ro u g h  th e  u p p e r  l a y e r  of A t r tn a  s h o w in g  n o r m a l  
c a l c i t e  p r i s m s  in p la n e  p o l a r i r e d  l igh t (2) anti u n i t  e x t in c t io n  of th e  p r i s m s  
in c r o s s  p o l a r i s e d  ligh t (3).
A t r in a  s p .  fP in n id a c )
T h in  S e c t io n
2. P la n e  P o la r U c d  Light
3. C r o s s  P o l a r  ire1*! l i g h t
R e c e n t .  GuU of Mexicx) 






Com plex P r ism a tic  M icroelru cture
1, - 2 .  C l u s t e r  of c o m p le x  a r a g o n i t e  p r i s m a  f r o m  the  u p p e r  l a y e r  o f  Unio 
in p la n e  p o la r i z e d  l ig h t  (1) atxi b e tw e e n  c r o s s e d  n ic o ls  (2). Note the  d i s t i n c t  
f a c e s  of th e  p r i s m s  in (1). In c r o s s  p o la r i z e d  l ig h t ,  a  d a r k  l ine  of e x t in c t io n  
a p p e a r s  a lo n g  th e  c e n t e r  of e a c h  p r i s m  w hen  i t s  long  a x i s  is  a l ig n e d  w ith  the 
p la n e s  o f  th e  n ic o ls .  As th e  s t a g e  is  r o t a t e d ,  th e  l ine  o f  e x t in c t io n  s w in g s  
to  th e  s id e  of th e  p r i s m  l ik e  a p e n d u lu m .
Unio sp .  {UnionidaeJ He c en t
Oil P e -5 0 -Q X
1. P la n e  P o la r i z e d  l i g h t  X 125
2.  C r o s s  P o la r i z e d  U g h t  X 125
3, -  4.  T r a n s v e r s e  cu t of c o m p le x  p r i s m s  f r o m  th e  o u t e r  l a y e r  of Unio 
a s  s e e n  in p la n e  p o l a r i z e d  l ig h t  (31 and in c r o s s  p o la r i z e d  light (4). Note 
th e  i ro n  c r o s s  e x t in c t io n  in (*ii
Unio sp .  (U nionidae}  H ecen t
3 P la n e  P o la r i z e d  Light X 125




C om posite P r ism a tic  M icrostructure
1 . - 2 .  R a d ia l  S e c t io n  th r o u g h  th e  s h e l l  o f  T e l l i n a  sh o w in g  th e  o u t e r  c o m p o s i t e  
p r i s m a t i c  a r a g o n i t e  l a y e r  in p la n e  p o l a r i z e d  ligh t {1) a n d  b e tw e e n  c r o s s e d  
n ic o ls  (2). In th i s  s p e c i m e n  a  d a r k  l in e  of e x t in c t io n  a p p e a r s  dow n the  c e n t e r  
o f  th e  c o m p o s i t e  p r i s m a t i c  l a y e r .  As th e  s t a g e  is  r o t a t e d ,  th e  l in e  m o v e s  to  
th e  o u t e r  e d g e s  o f  th e  l a y e r  b u t  r e m a i n s  p a r a l l e l  to  th e  o u te r  s u r f a c e  of th e  
s h e l l .  A r r o w s  p o in t  to w a r d  th e  v e n t r a l  m a rg in
T e l l in a  s p .  (T e l l in id a e )
T h in  S ec t io n
1. P la n e  P o l a r i z e d  Light
2, C r o s s  P o la r i z e d  Light
R e c e n t  






1. F o l ia te d  m i c r o a t r u e t u r e  c o m p o s e d  of r a n d o m ly  o r i e n t e d  b u n d le s  of th in  
c a l c i t e  l a m e l l a e  p r o d u c in g  an  e f fe c t  s i m i l a r  to  c r o s s  - b e d d in g .
2.  F o l ia te d  m i e r o s t r u e t u r e  n e a r  the  o u t e r  s u r f a c e  o f  th e  le f t  v a lv e  of a 
s p e c i m e n  of G y r o a t r e a . T h e  i r r e g u l a r  p a t t e r n  of fo l ia t io n  is  c a u s e d  by 
s t e e p  in c l in a t io n  of th e  b u n d le s  o f  c a l c i t e  l a m e l l a e  n o n r  th e  o u te r  s h e l l  
s u r f a c e  - - a  f e a t u r e  of th e  o u t e r  p o r t i o n s  of the  s h e l l  in th e  O s t r e i d a e  
am! s o m e  I V c t tn id a e .
C e r a  ton t r e o n  s p .  ( O s t r c id a e )  
P ee l
C r e t a c e o u s ,  T e x a s
Pe-3-KTx
P la n e  P o l a r i s e d  l i g h t X 125
G y r o a t r e a  s p .  (O s t r e id a e )
T h in  S ec t io n
P la n e  P o la r i z e d  U g h t
C r e t a c e o u s . M ex ico  




Foliated and N acreous M icroatructurc
1. Very' r e g u l a r  fo l ia t io n  c o m m o n ly  found in th e  a he 1 la of pa  eudo p u n  e l a te  
b r a c h io p o d a .  T h e  a l ig h t  u n d u la t io n  of th e  fo lia  show n  in th e  p h o to m ic r o g r a p h  
a r e  in r e s p o n s e  to  p s e u d o p u n c ta e .
2, N a c re  a* s e e n  in a lo n g i tu d in a l  cu t  th ro u g h  th e  in n e r  l a y e r  of th e  
g a s t r o p o d ,  H alio tua  . W e a th e r in g  of th e  s p e c im e n  e m p h a s i z e s  the  fine 
h o r i z o n t a l  l a y e r in g  p ro d u c e d  by a l t e r n a t i o n  of m i c r o n - t h i c k  l a m in a e  of 
a r a g o n i t e  and  c o n c h io l in .  T h e  f in e  l ig h t  v e r t i c a l  s t r e a k s  in th e  s h e l l  a r e  
p e r f o r a t i o n s  a p p r o x im a te ly  002 m m  in d i a m e t e r .
D ic ty o c lo s tu s  s p .  ( D ic ty o c lo s t id a e l  
P e e l
P la n e  P o la r i z e d  Light
I> ennsv lvan ian ,  T e x a s
B r - 4 7 -  P aT x
X 50
H alio tua  s p ,  {H a llo tidae)  
P e e l
P la n e  P o la r i z e d  l i g h t
He cen t  
G a-5H -Q X  
X 125

P la te  9
S in g le  C r y s t a l  M i c r o s t r u c t u r e
1 . - 2 .  L o n g i tu d in a l  s e c t i o n  th ro u g h  th e  c a l c t t i c  s h e l l  of a f o s s i l  e c h in o id .  
T h e  f ig u r e s  sh o w  tw o a d j a c e n t  p l a t e s  of th e  s h e l l  in p la n e  p o l a r i s e d  ligh t 
(1) ami in c r o s s  p o l a r i s e d  l igh t (2). Sparry- c a l c t t e  f i l l in g  th e  void  a p a c e  
b e n e a th  th e  s h e l l  h a s  g ro w n  in o p t i c a l  c o n t in u i ty  w ith  e a c h  p la t e .
Mote r a s t e r  s p .  | T o x a s tc  r id a c )  C r e t a c e o u s .  T e x a s
T h in  S e c t io n  Kc - 1 - K T k
1. P la n e  P o la r i z e d  L ight X 50
2.  C r o s s  P o la r i z e d  Light X 50
2
Plate 10
C ro ssed -la ro e lla r  M icrostru ctu rc
1. C r o s s e d - l a m e l i a r  m i c r o s t r u e t u r e  in th e  m id d le  a r a g o n i t e  l a y e r  of the  
g a s t r o p o d .  B u sy  c o n , a s  s e e n  in a cu t  w h ich  t r a n s e c t s  th e  f i r s t - o r d e r  
l a m e l l a e  a t a  v e r y  s h a l lo w  a n g le  r e l a t i v e  to  t h e i r  le n g th .  In th is  f ig u re ,  
s m a l l e r ,  s e c o n d - o r d e r  l a m e l l a e  a p p e a r  to  c r o s s  a t  a n g le s  of 73* and  107*, 
T h e  f ig u r e  i l l u s t r a t e s  a  cu t a p p r o x im a te ly  p a r a l l e l  to  th e  p la n e  BC7DH of 
F ig u r e  2 -C .
B u ay co n  s p .  ( B u c c in td a e j  R e c e n t ,  Gulf of M ex ico
P ee l  G a-fiO -Q TX
1 P la n e  P o la r i z e d  Light X 125
2. T h e  s a m e  l a y e r  in a d i f f e r e n t  p a r t  of th e  s h e l l  T h e  f i r s t - o r d e r  l a m e l l a e  
a r e  cu t hv th e  8€*ction at a g r e a t e r  an g le  r e l a t i v e  to  th e  long  a x e s  of the  
l a m e l l a e  r e s u l t i n g  in  a " h e r r in g b o n e * '  p a t t e r n .  T h is  f ig u r e  i l l u s t r a t e s  a  cut 
a p p r o x im a te ly  p a r a l l e l  to  the  p la n e  OF HI a s  sh o w n  in F ig u r e  2 -C .
B usy con s p . | B uec i n idao  J 
P e e l
2. P la n e  P o la r i z e d  Light
R e c e n t ,  Oulf of M ex ico  





C ro ssed -la m e lla r  M icrostructure
1. T h e  in n e r  a r a g o n i t i c  s h e l l  l a y e r  o f  B u sy c o n  sh o w in g  th e  l a r g e  f i r s t - o r d e r  
l a m e l l a e  c u t  a l m o s t  p e r p e n d i c u l a r  to t b e l r  long  a x e s .  T h e  a l t e r n a t i n g  ligh t 
and  d a r k  v e r t i c a l  band* a r e  an  o p t i c a l  e f f e c t  c a u s e d  by  o r i e n t a t i o n  o f  th e  
s e c o n d - o r d e r  l a m e l l a e .  In th e  l igh t b a n d s ,  th e  f la t  s i d e s  of th e  s e c o n d - o r d e r  
l a m e l l a e  d ip  to w a rd  th e  o b s e r v e r .  In th e  d a r k  b a n d s  th e  s e c o n d - o r d e r  l a m e l l a e  
d ip  a w a y  f r o m  th e  o b s e r v e r .  T h e  s h o r t  h o r i z o n ta l  l in e s  w h ich  c r o s s  b o th  b a n d s  
a r e  the  e d g e s  of th e  l a th - s h a p e d  s e c o n d - o r d e r  l a m e l l a e .
B uaycon  »p . (B u c c in id a e )  H e c e n t ,  Gulf of M ex ico
P e e l  G a-GO -Q Tx
1. P la n e  P o la r i z e d  Light X 125
2.  C a le tU c  c r o s s e d - I a m e l l a r  m i c r o s t r u c t u r e  in a r a d i a l  s e c t i o n  th ro u g h  the  
l a r g e  v a lv e  of G ry p h a e a  a r c u a t a . C a le i t i c  c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  
is  s i m i l a r  in c o n s t r u c t io n  to  a r a g o n i t i c  c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  bu t  
Is r a r e l y  a s  r e g u la r ly  d e v e lo p e d .
G ry p h a e a  a r c u a t a  [O s t r e id a e J  
P e e l
2,  f'1 a n e  P o  1 a ri zed  Li g ht
J u r a s s i c ,  K ngland 




P la to  12
C o m p le x  C r o s s e d - l a m e l l a r  M i c r o s t r u c t u r e  and  F ib e r  F a s c i c l e s
1. ~ 2 .  C o m p le x  c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  (C C L ) in th e  in n e r  
a r a g o n i t i c  l a y e r  of th e  g a s t r o p o d ,  N e r i t i n a . F ig u r e  1 s h o w s  th e  l a y e r  cu t  
n o r m a l  to  its  le n g th  and  F ig u r e  2 s h o w s  th e  s a m e  l a y e r  cu t  o b l iq u e ly .  C o m p lex  
c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  is s i m i l a r  in c o n s t r u c t io n  to  c r o s s e d - l a m e l l a r  
m i c r o s t r u c t u r e  (C L) bu t  is  n e v e r  a s  r e g u l a r l y  d e v e lo p e d .  T h e  u p p e r m o s t  l a y e r  
in F ig u r e  1 is  fo l ia te d  c a l c i t e  <F). h e a v i ly  im p r e g n a te d  w ith  o r g a n ic  p ig m e n t .
N e r i t in a  s p .  (N e r t t i d a e l  R e c e n t
iV e la  ( ia -5 0 -Q X
1. P la n e  P o la r i z e d  L ight X 125
2. P la n e  P o la r i z e d  Light X 125
3, S ec t io n  th ro u g h  th e  c e n t e r  of an  a r a g o n t t t c  a p h c r u l i t i c  f a s c i c l e  o r  
s c l e r o d e r m i t e  ( a r r o w )  in th e  xvall of th e  s e i c r a c t i n i d  c o r a l , P .n d o p a ch v s , 
sh o w in g  f ib e r s  r a d ia t in g  o u tw a rd  f ro m  a p o in t c e n t e r  . F a s c i c l e s  o r  
s c l e r o d e r m i t e s  a r e  th e  b a s i c  unit of c o r a l  s k e le t o n s .
K ndopachys  s p .  (D e n d ro p h y ll id a e J  
P e e l
3, P la n e  P o la r i z e d  l i g h t
T e r t i a r y ,  L o u is ia n a  
C o r  -  5 5 - T  La
X 320

P la te  13 
A n n e lid  W o rm s
T h e  f ig u r e  i l l u s t r a t e s  {a} g ro w th  f o r m s  of in d iv id u a l  w o r m  tu b e s ,  (b) a 
p o r t i o n  of a  a e r p u l id  w o rm  c o lo n y ,  an d  ( c ) tu b e  m i c r o s t r u c t u r e  a s  s e e n  in 
th in  s e c t i o n s  cut n o r m a l  to  th e  tu b e  le n g th  ( t r a n s v e r s e  s e c t i o n s )  and p a r a l l e l  
to  th e  tu b e  le n g th  ( lo n g i tu d in a l  s e c t i o n s ) .  A r r o w s  po in t to w a rd  th e  a p e r t u r e .
| F ig u r e  C m o d if ie d  a f t e r  S c h m id t ,  1951, Abb, I ,  2a. 2b. p. 374. J
A N R E L I O  W O R M S :
11*11
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P la t e  14 
W o rm  T u b e s
1. T r a n s v e r s e  s e c t i o n  of a  w o rm  tu b e  e n c r u s t i n g  th e  In n e r  n a c r e o u s  l a y e r  of 
a H a l io tu s  s h e l l .  T h e  tu b e  co n s  la ta  of fo l ia te d  c a l c l t e  w ith  th in  in c lu s io n s  of 
f o r e ig n  a r a g o n i t e  an d  a s p o r a d i c  c o a t in g  of a r a g o n i t e  on  th e  e x t e r i o r .  T he  
l a r g e  n o d e s  on  th e  u p p e r  s u r f a c e  a r e  f o r m e d  by tw o  p a r a l l e l  lo n g i tu d in a l  r id g e s .
K eoent
P e e l  G a-5ft~QX
P la n e  P o la r ! z e d  U g h t  X 50
2, S ec t io n  th ro u g h  a e r p u l ld  w o rm  co lo n y  c u t t in g  s e v e r a l  tu b e s  t r a n s v e r s e l y  
and  sh o w in g  J u n c tu r e  of the  tu b e s  and fo l ia te d  m i c r o s t r u c t u r e ,
S o rp u la  sp .  H eeen t
P e e l  W o-7 -Q X
P la n e  P o l a r i s e d  Light X 32
d. - 4, T r a n s v e r s e  s e c t i o n  th ro u g h  s e v e r a l  tu b e s  of a co lony  sh o w in g  
e n c r u s t i n g  h ab i t  and  fo l ia te d  m i c r b s t r u e t u r h .  T h e  tu b e  w all*  a r e  f o r m e d  of 
d e n s e  c a i c i t e  l a m e l l a e  l e s s  th a n  ,0 0 5  m m  in th i c k n e s s  T h e  o u t e r  p o r t io n s  
of th e  tu b e s  a r e  v e s i c u l a r  o r  lo o s e ly  f a b r i c a t e d  a t th e  Junc tion  of tu b e s  and  
at e a r l y  p o in ts  of c o n ta c t  ( F ig u r e  4). T h e  e x t e r i o r  of the  tu b e s  is  co a te d
w ith  s  th in  b r ig h t  r tnri o f  g r a n u l a r  c a l c f t e  w h ich  s e p a r a t e s  th e  tu b e s  f r o m  
th e  m i c r o c r y s t a l  l in e  m a t r i x .  I
S e r p u la  s p .
3, T h in  S e c t io n  4. P ee l
3. C r o s s  P o la r ix e d  l i g h t
4 . P la n e  P o l a r i s e d  l i g h t
C r e t a c e o u s .  T e x a s  




P la to  15 
W o rm  T u b e s
1. S e c t io n  th ro u g h  p o r t i o n  o f  a w o r m  co lony  in t c r g r o w n  w ith  r e d  a lg a e  
(floe v e s i c u l a r  s t r u c t u r e *  l in in g  tu b e s  an d  f i l l in g  vo id s  a t  ju n c t io n s ) .  M any 
of th e  tu b e s  c o n ta in  s m a l l e r  tu b e s  In s id e  ( a r r o w ) ,  s u p p o r t e d  in th e  c e n t e r  of 
t h e i r  h o s t  bv th in  v e r t i c a l  w a l l s .  " G u n s ig h t"  s t r u c t u r e s  In t h r e e  of the  tu b e s  
a r e  f o r m e d  by p a r t i a l  c o l l a p s e  of th e  s u p p o r t in g  p a r t i t i o n s
R e c e n t ,  Gulf of M ex ico  
T h in  S e c t io n  W o-fi-O X
P la n e  P o l a r i s e d  l i g h t  X .12
2. T r a n s v e r s e  s e c t i o n  th ro u g h  o n e  tu b e  of a s c r p u l i d  co lony  sh o w in g  " C lo v e r  
L e a f” s h a p e  of th e  i n t e r i o r  and r e c r y s t a l l i z e d  w all  of th e  tu b e  w h ich  s t i l l  
r e t a i n s  r e l i c t  fo l ia t io n .
S e rp u la  »p.
P e e l
Plant* P o la r i z e d  Light
C r e t a c e o u s .  T e x a s  
W o -3 -K T X
X 32.
3. An a c c r e t i v e  a c c u m u la t io n  of S p i r o r b i s  and F o r a m i n i f e r a ,  S p i r o r b i s  
tu b e s  a r e  s m a l l  (I - .1 m m  ) s p i r a l  c o i l s  of one  to  t h r e e  v o lu t io n s  w ith  a 
f la t t e n e d  b a s e .  T hey  o c c u r  a s  I s o la te d  in d iv id u a ls  o r  in c o lo n ie s .
S p i r o r b i s  s p .  
T h in  S e c t io n  
O r d in a r y  U g h t
P e r m i a n ,  T e x a s
W o - 2 - P m T x  
X Hi
4. T r a n s v e r s e  f lec t io n  th ro u g h  th e  k e e le d  o u t e r  w h o r l  o f  R o tu l a r l a  
s h o w in g  a t w o - l a y e r e d  w all  w h ich  cone  is  la  of fo l ia te d  c a l c i t e  tn  the  
i n t e r i o r  and h o m o g e n e o u s  p r i s m a t i c  c a l c i t e  on th e  e x t e r i o r .
K o tu ia r l a  s p .  T e r t i a r y ,  T e x a s
T h in  S e c t io n  W o - 9 - T T x
P la n e  P o l a r i s e d  Light X 32

P la t e  16 
A r th r o p o d s  -  O s t r a c o d s
C u ta w ay  v iew  of a h y p o th e t ic a l  o s t r a c o d  c a r a p a c e ,  s h o w in g  m o rp h o lo g ic  
f e a t u r e s  am i s h e l l  m i c r o s t r u c t u r e .
A R T H R O P O D S  O S T R A C O D S
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Plate 17
O straeod C arapace* and Shell M ierostructure
1. R an d o m  S e c t io n  c u t t in g  an  o s t r a e o d  c a r a p a c e  (O) t r a n s v e r s e l y  and  a 
p e ie c y p o d  s h e l l  (P i r a d i a l l y .  Note f ine  p r i s m a t i c  m i c r o s t r u c t u r e  of o s t r a e o d  
and  r e c r y s t a l l i z c d  s h e l l  of p e ie c y p o d .
2 . E n l a r g e m e n t  of th e  o s t r a e o d  in F ig u r e  1 sh o w in g  d e t a i l s  o f  m i c r o s t r u c t u r e  
and  s l ig h t  o v e r l a p  of o n e  v a lv e .
O r d o v ic ia n ,  N orth  D akota  
Thi n Sc cti o  n O S - 3 - 0  Nl)
1. Plane Polarized light X 50
2. P la n e  P o l a r i z e d  L igh t X 125
3. - 1. P a r t  of th e  s h e l l  of L e p e r d l t i a  i l l u s t r a t i n g  p r i s m a t i c  m i c r o s t r u c t u r e  
of the  in n e r  c a r b o n a te  l a y e r  in p la n e  p o la r i z e d  ligh t (3) and b e tw e e n  c r o s s e d  
n ie o ls  (4). Note th e  l a r g e r  s i r e  of the  c o m p o n e n ts  and  the  a l t e r n a t e  l ig h t  ami 
d a r k  e x t in c t io n  p a t t e r n  a s  c o m p a r e d  w ith  the  s h e l l  of t r i l o h i t e s  (P la te  21 , 
f ig u r e  2). T he  o u t e r  p a r t  o f  th e  s h e l l  in th is  s p e c i m e n  is a d e n s e  f i n e - g r a in e d  
/.one and not a  d i s t i n c t  s t r u c t u r a l  l a y e r ,
L e p e r d i t i a  s p .  D e v o n ia n ,  T e x a s
T h in  S e c t io n  O S - l - D T x
3. P la n e  P o la r i z e d  l i g h t  X 125
4. C r o s s  P o la r i z e d  Light X 125

Plate 18
O atracod C arapaces and Shell M icrostru cture
1. R a n d o m ly  o r i e n t e d  i s o la te d  v a lv e s  of K o l e p e r d i t i a , T h e  o u te r  l a y e r  in 
m a n y  of the  in d iv id u a ls  is  im p r e g n a te d  w ith  d a r k ,  o p a q u e  m a t e r i a l .  T he  
n o r m a l  p r i s m s  o f  th e  in n e r  l a y e r  a r e  r e l a t i v e l y  l a r g e  and  e m p h a s i z e d  by 
c a l e l t e  c r y s t a l s  l in in g  th e  s h e l l  and g ro w in g  in o p t i c a l  c o n t in u i ty  w ith  e a c h  
p r i s m .
E o l e p e r d i t l a  s p ,  O r d o v ic ia n ,  O k la h o m a
T h in  S e c t io n  O S -S -O O k
C r o s s  P o la r i z e d  Light X 8
2. M ag n if ied  view of p a r t  of the  s e c t i o n  in F ig u r e  I sh o w in g  p a r t s  of fo u r
v a lv e s  in d i f f e r e n t  o r i e n t a t i o n .  Note th e  d a r k ,  f in e ly  g r a n u l a r  zo n e  on the  
convex  o u t e r  s id e  of e a c h  v a lv e  and th e  c o a r s e  n o r m a l  p r i s m s  of the  in n e r  
l a y e r .
E o l e p e r d i t l a  s p .
P e e  1
P la n e  P o la r i z e d  Light
O r d o v ic ia n ,  O k la h o m a  




f V ***  **■
i, y ' ; *? ■■..%'
* . -; + /
t V . *; .v
* * i
V .  */■ r - ';■*• .
* W  V » «-»* % . » • ' # <  '
+ « »v * • ' r* ^ % *%g ■
P la te  19 
O s t r a c o d  C a r a p a c e s
1. O s t r a c o d s  In a  c h e r t  m a t r i x .  T h e  in d iv id u a ls  a r e  w ho le  s p e c i m e n s  cu t  
t r a n s v e r s e l y .  Note th e  s t r o n g  o v e r l a p  of o n e  v a lv e .
T h in  S e c t io n  O S -8 -X
P la n e  P o la r i z e d  Light X 31
2. T r a n s v e r s e  s e c t i o n  th ro u g h  s e v e r a l  i s o la te d  v a lv e s .  K ight v a l v e s ,  
p r o b a b ly  r e p r e s e n t i n g  m o l t s  f r o m  s e v e r a l  in d iv id u a ls  a r e  p la c e d  in s id e  
o n e  v a lv e  of a n o t h e r .
T h in  S e c t io n  O S -IO -X
P la n e  P o la r i z e d  Light X 125
3. F o s s i l i f e r o u s  l im e s to n e  eom j^osed  a l m o s t  e n t i r e l y  of c lo s e ly  p a c k e d ,  
d i s a r t i c u l a t e d  ou t r a c e d  v a lv e * .
T h in  S e c t io n
P la n e  P o la r i z e d  l i g h t
O S -9 -X  
X 16

P la te  20 
A r th r o p o d s  -  T r l lo h i to s
(a) D o r s a l  v ie w ,  (b) L a t e r a l  view and  lo n g i tu d in a l  s e c t i o n  of a hypo ­
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Plate 2)
T rilo b iie  Skeletons and M icrostructure
1. R an d o m ly  o r i e n t e d ,  d i s a r t i c u l a t e d  f r a g m e n t s  o f  an  e n r o l l e d  in d iv id u a l .
T h e  f ig u r e  s h o w s  a  s e c t i o n  th ro u g h  p a r t  o f  th e  g la b e l la  (G) and  a s e c t i o n  
th ro u g h  p a r t  o f  th e  h y p o s  to  m o  (Hi. O th e r  s tu b b y  f r a g m e n t s  a r e  body  s e g m e n t s .
2. L o n g i tu d in a l  s e c t i o n  th ro u g h  th e  th o r a x  s h o w in g  s e v e r a l  body s e g m e n t s .  
D i s a r t i c u l a t e d  body s e g m e n t s  s u c h  a s  th e s e  a r e  th e  m o a t  c o m m o n  r e m a i n s  of 
t r i l o b i t e s  found In r o c k s .  Note the  d a r k  b a n d s  of e x t in c t io n .  A d ja c e n t  a r e a s  
o f  th e  s k e le t o n  e x t in g u is h  p r o g r e s s iv e ly  a s  th e  s t a g e  is r o t a t e d .  A rro w  p o in ts  
to w a r d  the  a n t e r i o r .
D ito m o p y g e  u p .
T h in  S e c t io n
C r o s s  P o la r i  r e d  l i g h t
Ih m n a y tv a n ia n ,  T e x a s
T r - 4 - P a T x
X lfi
P h ao o p s  s p .
T h in  S ec t io n
C r o s s  P o la r i z e d  Light
D ev o n ian ,  O hio  




T rila b ile  Fragm ents ami M ierestru ctu re
1. I s o la te d  t r i l o b i t e  f r a g m e n t  sh o w in g  f ine  h a i r l i n e  p e r f o r a t io n *  o r  
e a n a l ic u l i  f i l le d  w ith  p y r i i e .  A th in  o u t e r  l a y e r  is v i s ib l e  in th i s  s p e c im e n  
on th e  f la n k s  of th e  s a d d l e .
O r  do v i e i a n , C an ad a  
T h in  S e c t io n  T r - 9 - O X
C r o s s  P o l a r i s e d  l i g h t  X 50
2, L o n g itu d in a l  s e c t i o n  th ro u g h  a t r i l o b i t e  f r a g m e n t  sh o w in g  a b e a v i lv  
p ig m e n te d  o u t e r  l a y e r  l a r r o w ) .
T h in  S e c t io n  T r-S ~ X
P la n e  P o la r !  xed l i g h t  X 125
a .  R an d o m  cut s h o w in g  tw o t r i l o b i t e  s p in e s  cut t r a n s v e r s e l y  <T) ami 
p a r t  of ot>e s p in e  cut lo n g i tu d in a l ly  ( Id .
C a m b r i a n .  T e x a s  
T h in  S e c t io n  T r - 3 - C T x
C r o s s  P o l a r U e d  Light X lfi
-4. C r o s s  s e c t i o n  th ro u g h  a n o th e r  s p in e  s h o w in g  i r o n  c r o s s  e x t in c t io n .  
C o m p a r e  t e x t u r e  of s p in e  w ith  th a t  of f l r a e h io p o d s  { P la te  3.1, F ig u re s  2 and
and  C r i c o c o n a r i d s  ( P la t e  85, F ig u r e  2 ; P la te  8 6 ,  F ig u r e  3).
T h in  S ec t io n
e r n e s  P o la r i z e d  Light
C a m b r i a n ,  T e x a a




P la te  23 
B ra c h io p o d s
T he  f ig u re  i l l u s t r a t e s  s o m e  m o rp h o lo g ic  f e a tu r e s  of f o s s i l  i n a r t i c u l a te  and 
a r t i c u l a t e  b r a e h lo p o d s  anti s h e l l  m i c r o s t r u c t u r e  of c a l c a r e o u s  v a lv e s ,  (a) and 
<b) C h i t in o p h o s p h a t ie  in a r t i c u l a t e  b r a e h l o p o d s : (a) p e d ic le  v iew  of a l ingu io id
b ra c h lo p o d  in g ro w th  p o s i t io n ;  (b) p e d ic le  and l a t e r a l  v iew s of an  o rb ic u lo id  
h r a c h io p o d ,  (c -g )  C a lc a r e o u s  a r t i c u l a t e  b r a c h i o p o d s : ( e l  p e d ic le  in t e r io r
of a s t r o p h o m e n id  h r a c h io p o d ;  (di b r a c h i a l  view  of a c o a r s e - r i b b e d  o r th id  
b ra c h io p tx l ;  (el l a t e r a l  cu taw ay  view of a s p i r i f e r o i d  h r a c h io p o d ,  show ing  
the  o r i e n t a t i o n  of lo n g i tu d in a l  and t r a n s v e r s e  s e c t i o n s ,  (f) p o s t e r i o r  view 
and t r a n s v e r s e  s e c t i o n  of a p c n t a m e r id  h ra c h io p o d ;  <g) b r a c h i a l  view  of a 
s p in o s e  p ro d u c t ld  h ra c h io p o d .  V e r t ic a l  l in e s  d en o te  p la n e s  of s y m m e t r y .
1R A C H I 0P 0D S
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P la te  24
T r a n s v e r s e  S e c t io n s  o f  A r t i c u l a t e  B ra c h io p o d s  Show ing 
F o r m  and  M o rp h o lo g ic  F e a t u r e s
1. T r a n s v e r s e  o b l iq u e  s e c t i o n  s h o w in g  to o th  and  s o c k e t  a r r a n g e m e n t  on r ig h t  
s id e  of p h o to g ra p h  and r e m n a n t  of long  f r i l l s  (F ) a lo n g  m a r g i n  of u p p e r  v a lv e .
A t r y  p a  » p .  ( A t r v p a e e a j  D ev o n ia n ,  New M ex ico
T h in  S e c t io n  B r -9 8 -D N M
C r o s s  iA d a r iz e d  t i g h t  X 4
2. T r a n s v e r s e  s e c t i o n  th ro u g h  p o s t e r i o r  p o r t i o n  o f  O r t h o s t r o p h i a  sh o w in g  
too th  ami s o c k e t  a r r a n g e m e n t ,  d e n ta l  p l a t e s  (DP) s u p p o r t i n g  t e e t h ,  and c a r d in a l  
p r o c e s s  (C P ) ,  th e  a t t a c h m e n t  fo r  th e  o p e n in g  m u s c l e s  in th e  b r a c h i a l  v a lv e .
O r th o a t r o p h i a  »p, (O r th a c e a j  D e v o n ia n ,  O k la h o m a
T h in  S e c t io n  B r - lH b -D O k
C r o s s  P o la r i z e d  l i g h t  X 3
3. T r a n s v e r s e  s e c t i o n  th ro u g h  th e  p o s t e r i o r  of R h y n c h o t r e m a  sh o w in g  in t e r n a l  
s t r u c t u r e s  in b r a c h i a l  v a lv e .  Hinge p l a t e s  (HP) s u p p o r t in g  the  te e th  (T) u n i te  
in th e  c e n t e r  of the  v a lv e  at th e  m e d ia n  s e p tu m  (MS) to fo rm  a e r u r a l i u m  (CR). 
L a rg e  in t e r n a l  s t r u c t u r e s  s u c h  as t h e s e  a r e  not p r e s e n t  in o th e r  ph y la  of b iv a lv e s ,
R h y n c h o t r e m a  s p .  (R h y n c h o n e l la c e a l  O rd o v ic ia n ,  M in n e so ta
T h in  S e c t io n  H r -1 0 1 -O M n
C r o s s  P o la r i z e d  l i g h t  X H
4, T r a n s v e r s e  s e c t i o n  th ro u g h  p o s t e r i o r  of P e n ta m e r o ld e s  sh o w in g  V - s h a p e d  
s t r u c t u r e  ( sp o n d y liu m  S ib  in  p e d ic le  v a lv e ,  s u p p o r te d  by two p a r a l l e l ,
1 5 0
c lo s e ly  s p a c e d  p l a t e s  (v e n t r a l  m e d ia n  s e p tu m  ~ VMS). A s i m i l a r  s t r u c t u r e  
( c r u r a l I u m  - C R ) In th e  b r a c h i a l  v a lv e  Is s u p p o r te d  by a  s h o r t  d o r s a l  m e d ia n  
s e p tu m .  T h e  th ic k  s h e l l  is c a u s e d  by a  s in g le  l a y e r  of c a l c i t e  " p r i s m s ” 
o r i e n t e d  n o r m a l  to  th e  s h e l l  and  l in ing  th e  in n e r  s u r f a c e .  T h e  in n e r  l a y e r  is 
the  " p r i s m a t i c  l a y e r "  o f  A le x a n d e r  (1948, p .  157) ami Is a c o m m o n  f e a t u r e  
of p e n l a m c r i d  b r a c h io p o d s  a l th o u g h  i t  m a y  no t b e  c o n s i s t e n t ly  p r e s e n t  w ith in  
th e  s a m e  s p e c i e s .  T h e  n o r m a l  in n e r  and o u te r  c a r b o n a te  l a y e r s  a r e  v e r y  th in  
and a r e  not v i s ib l e  In th i s  p h o to g ra p h .
l* e n ta m e ro h ie s  s p .  I P e n t a m e r a c e a j
T h in  S e c t io n
C r o s s  P o la r i z e d  Light
S i lu r i a n ,  T e x a s  




P la te  25
L o n g itu d in a l  S e c t io n s  of B r a c h io p o d  S h e lls
i .  - 4 .  L o n g itu d in a l  s e c t i o n s  th ro u g h  s e v e r a l  b r a c h io p o d s  i l l u s t r a t i n g  s e v e r a l  
v a r i a t i o n s  of f o r m .  B r a c h i a l  v a lv e  (B) is  on top  in a l l  p h o to s ,  p e d ic le  v a lv e  iP )  
b e lo w .  A r r o w s  a r e  d i r e c t e d  to w a rd  a n t e r i o r .
1. R h y n c h o t r e m a  s p .  { R h y n e h o n e l la re a )  
T h in  S e c t io n  
C r o s s  P o l a r i z e d  l i g h t
O r d o v ic ia n ,  M in n e s o ta  
B r - l  7 a -O M n  
X A
2. A trv p a  s p .  lA t r y p a c e a j  
T h in  S e c t io n  
C r o s s  P o la r i z e d  l i g h t
D ev o n ian ,  low a 
B r - l  - Dla 
X 2
3. S c h tz o p h o r  ia  s p ,  ( K n te le ta e e a j  
T h in  S e c t io n  
C r o s s  P o la r i z e d  l i g h t
D e v o n ia n .  Iowa 
B r - . l - D I a
X 2
1. L e p ta e n a  s p .  (S t ro p h o m e n a c e a J  
T h in  S e c t io n  
C r o s s  P o la r i z e d  Light
D e v o n ia n ,  O k lah o m a  





Inarticulate Brachiopod Shell M icrostru cture
1, L o n g i tu d in a l  s e c t i o n  th r o u g h  th e  s h e l l  of ’‘U n g u i s ” s h o w in g  s u b p a r a l l e l  
a l t e r n a t i n g  l a y e r s  of c a lc iu m  p h o s p h a te  (ligh t c o l o r e d  l a y e r s )  an d  ch i t in o id  
m a t e r i a l  (d a rk  l a y e r s ) .  P h o s p h a t lc  l a y e r s  s h o w  no s t r u c t u r e  in o r d i n a r y  
l igh t bu t e x t in g u is h  a s  a u n i t  b e tw e e n  c r o s s e d  n ic o ls  w hen  the  l a y e r  is  p a r a l l e l  
to  a  p la n e  of p o l a r i s a t i o n .  C h it in o id  l a y e r s  a r e  s e m i - o p a q u e  and  a r e  t r a n s e c t e d  
by v e ry  f ine  tub u l i  o r i e n t e d  n o r m a l  o r  s t e e p l y  o b l iq u e  to  th e  leng th  of th e  l a y e r .  
Both  p h o s p h a t l c  and  c h i t in o id  l a y e r s  a r e  t r a n s e c t e d  hv c o a r s e  p u n c ta e  ( a r r o w )  
w hich  a r e  w id e r  in the  p h o s p h a t l c  l a y e r s  b e c a u s e  of w e a th e r in g .  Note a l s o  the  
u p w a rd  d e f le c t io n  of all l a y e r s  as  th e v  m « ‘t the  p u n e t a .
’' L in g u la '' s p .  ( L in g u la e e a )  O r d o v ic ia n ,  O k la h o m a
T h in  S e c t io n  B r - 7 2 - O O k
P la n e  P o la r i z e d  l i g h t  X 125
2. K andom  s e c t io n  th ro u g h  S c h lz o b o lu s  s p .  s h o w in g  a l t e r n a t in g  l a v e m  of 
c h i t in o id  m a t e r i a l  (d a rk )  and  c a lc iu m  p h o s p h a te  ( l igh t) .  The s h e l l  is  d e n s e  
an d  l a y e r s  a r e  not a s  d i s t i n c t l y  d e f in e d  a s  in L ln g u ia .
S c h i ro b o lu s  s p .  (S u p e rf  a m i ty  u n c e r t a in )
T h in  S e c t io n
W a n e  P o la r i z e d  Light
I Hi vo ni a  n , T ex as  




P la te  2?
I n a r t i c u l a t e  B ra c h io p o d s
1. lo n g i tu d in a l  s e c t i o n  th ro u g h  p a r t  of the  th ic k  pedicle? v a lv e  of T r i m e r e l l a .
T h e  she?!! is c o m p le te ly  r e e r y s t a i l i z o d  to  m o s a i c  c a l c i t e  w ith  on ly  fa in t  t r a c e *  
of th e  o r ig i n a l  m i c r o s t r u e t u r e  p r e s e r v e d .  W hole  s p e c i m e n s  s h o w in g  o r ig i n a l  
m i e r o s t r u e t u r e  o r  gro«H fo rm  w ould  I k ? n e c e s s a r y  to d i s t i n g u i s h  th e s e  s h e l l s  
f ro m  th o s e  of m o l lu s k a .  A rro w  p o in ts  in a n t e r i o r  d i r e c t i o n .
T r i m e r e i l a  s p .  ( T r i m e r e l l a c e a J  S i lu r i a n ,  T e x a s
T h in  S e c t io n  B r - 9 5 - S T x
C r o s s  P u la r t z e d  U g h t  X 1#>
2. A j>proxim atelv  lo n g i tu d in a l  s e c t i o n  of two s p e c im e n s  of L in g u la p h o l is  
(BHi. Light a r e a s  of the  s h e l l  a r e  s t r u c t u r e l e s s  c a l c i t e  a l t e r n a t i n g  with 
th in ,  v e r y  f ine  g r a in e d ,  d a r k  l a y e r s  of o r g a n ic  tc h i t tn o id 'M  m a t e r i a l .
F r a g m e n t  la b e l le d  <GAi is  p a r t  of the  s h e l l  of a p la t  v e e r  id g a s t r o p o d .
L in g u la p h o l is  s p , } Ij  ngu 1 a c e a |  
T h in  S e c t io n  
O r d in a r s  L ight
D ev o n ian ,  T ex a s  





Im p u n c ta te  A r t i c u l a t e  B r a c h io p o d s
1, F o s s i l l f e r o u s  t im e s  lo n e  c o m p e t e d  a l m o s t  e n t i r e l y  o f  tm  p u n c ta te  b r a c h io p o d s  
in r a n d o m  o r i e n t a t i o n .
T h in  S e c t io n  
C row s P o la r i z e d  l i g h t
2 . l o n g i tu d in a l  s e c t i o n  th ro u g h  the  p e d ic le  v a lv e  of A t ry p a  s p .  , an  im p u n c ta tc  
a r t i c u l a t e  b r a e h io p o d ,  s h o w in g  f in e ,  f i b e r - l i k e  p r i s m s  of th e  in n e r ,  s e c o n d a r y  
l a y e r  d ip p in g  to w a rd  the  a n t e r i o r  of the  s h e l l .  T h e  o u t e r  p r i m a r y  l a y e r  is 
e x fo l i a te d  in th i s  s p e c im e n .
A try p a  »p, jA t r y p a e e a j  D ev o n ian ,  Iowa
P e e l  B r - l - D I a
Plane* P o la r i z e d  Light X 125
:i. T r a n s v e r s e  s e c t i o n  th r o u g h  p a r t s  of tw o  im p u n c ta tc  b r a c h io p o d s  show ing  
p s e u d o h o m b o h e d r a l  c r o s s  s e c t i o n s  o f  the  f i b e r - l i k e  p r i s m s  in th e  in n e r  
c a r b o n a t e  l a y e r .
S i lu r i a n ,  New York 
B r -n S -S N Y  
X 16
P te c la t  r y p a  s p .  |A t r v p a c e a |  
P e e l
P la n e  P o la r i z e d  Light
S i lu r i a n ,  T e x a s  





Impunctate A rticu late  Brachiopod Shell M icrostructure
1. T r a n s v e r s e  s e c t i o n  th ro u g h  the  p e d ic le  v a lv e  of M erits  t c l l a  s h o w in g  th e  h r ig h t  
o u t e r  o r  p r i m a r y  c a r b o n a te  l a y e r  (<)) and  c o m p o n e n ts  of th e  In n e r  (I) o r  s e c o n d a r y  
c a r b o n a te  l a y e r  cut t r a n s v e r s e l y .
M e r t s t e l i a  s p .  [ R o s t r o s p i r a c e a J  D ev o n ia n ,  O k lah o m a
P ee l  B r- '12 -D O k
P la n e  Pola.riz.ed l i g h t  X 125
2. T r a n s v e r s e  s e c t i o n  of the  p e d ie le  v a lv e  o f  K o z lo w s k ie l la  s p ,  at th e  b a s e  of 
the  m e d ia n  s e p tu m ,  sh o w in g  o u t e r  c a r b o n a te  l a y e r  (0> and  c r o s s  s e c t i o n  of the  
p r i s m s  w hich  c o n s t i tu t e  th e  in n e r  c a r b o n a te  l a y e r  (I). Note b r i g h t n e s s  and 
d i f f e r e n c e  in s t r u c t u r a l  o r i e n t a t i o n  of th e  c o m p o n e n ts  o f  th e  o u t e r  l a y e r .
K .oztow»kicHa «p . j S p i r i f e r a e e a j  D ev o n ian ,  O k la h o m a
P ee l  f i r - 1  0-LK>k
Plant* P o la r i z e d  1 Jg h t  X 125
5. T r a n s v e r s e  s e c t i o n  of an  e x fo l ia te d  s p e c i m e n  of A try p a  sh o w in g  c r o s s  
s e c t i o n  of p r i s m s  w h ich  c o n s t i tu t e  th e  in n e r  c a r b o n a t e  l a y e r .  At the  to p  of 
the  s h e l l  th e  p r i s m s  a r e  cut a l m o s t  p e r p e n d i c u l a r  to t h e i r  le n g th .  T he  ang le  
o f  d ip  of th e  p r i s m s  i n c r e a s e s  to w a rd  the  i n t e r i o r  of the  s h e l l  s o  tha t the  
p r i s m s  w h ich  a p p e a r  to  c o n s t i tu t e  th e  to w er  h a l f  of th e  s h e l l  in th is  p h o to g ra p h  
a r c  cu t at a v e r y  s h a l lo w  a n g le .
A try p a  a p .  iA t r y p a c e a j
T h in  S e c t io n
P la n e  P o la r i z e d  U g h i
D ev o n ian ,  Now M exioo  
B r -9 8 -D N M  
X 125
4. C r o s s  s e c t i o n  of th e  f i b e r - l i k e  p r i s m s  in th e  in n e r  c a r b o n a t e  l a y e r  of 
N e o s p i r i f c r . C o m p a r e  c r o s s  s e c t i o n a l  siz.e w ith  F ig u r e  3 a t  m u c h  lo w e r  
m a g n i f i c a t io n .  C r o s s  s e c t i o n a l  s in e  and r e g u l a r i t y  of th e  p r i s m s  a r e  
v a r i a b l e  a m o n g  g e n e r a .
N e o a p i r i f e r  s p .  ( S p i r i f e r a c o a )  P e n n s y lv a n ia n ,  T e x a s
P e e l  B r - 3 0 - P a T x




Punctate Brachiopod Shell M icrostru ctu re
I .  - 4. L o n g itu d in a l  (1) and (2>, T r a n s v e r s e  a c r o s s  a  r i b  (3), and  ta n g e n t ia l  (4) 
s e c t i o n s  of th e  p u n c ta te  a r t i c u l a t e  b r a c h i o p o d ,  S c h lx o p h o r l a . T h e  p u n c ta e  (P) 
a r e  f i l le d  w ith  f in e  g r a n u l a r  c a t e i t e .  Note the  u p w a rd  d e f l e c t io n  of th e  l a th - l i k e  
p r i s m s  of th e  in n e r  c a r b o n a te  l a y e r  a s  th c v  m e e t  e a c h  p u n c ta .  T h e  u p w a rd  
d e f l e c t io n  of the  p r i s m s  is a c h a r a c t e r i s t i c  f e a t u r e  in a l l  p u n c ta te  b r a c h i o p o d s ,
Schj y.ophor ia sp ,  ( K n te le t a rea j  Devonian,  Iowa
1. Thin Section B r - 3 - D l a
Plane  P o l a r t r e d  Light X 50
2. - 4 .  - Pee ls  B r - 3 - D l a
Plane  D t l a r U e d  Light X 125

Plate 31
Foliated Brachiopod Shell M icrostru ctu re
1. L o n g i tu d in a l  s e c t i o n  th ro u g h  the  p o s t e r i o r  p o r t i o n  o f  th e  b r a c h i a l  v a lv e  
o f  th e  p r o d u c t ld  b r a c h io p o d ,  P i c ty o c lo a tu a  s h o w in g  f ine  c a l c i t e  l a m e l l a e  of 
th e  In n e r  c a r b o n a t e  l a y e r  and th e  th ic k  p o s t e r i o r  e x t r e m i t y  of th e  v a lv e .  
P s e u d o p u n e ta e  a r e  not sh o w n  in  th is  a r e a  of th e  s h e l l .
D lc ty o c lo s tu s  s p .  } P r o d u c ta e e a j  P e n n s y lv a n ia n ,  T e x a s
T h in  S e c t io n  B r - 4 7 - P a - T X
C r o s s  P o l a r i s e d  l i g h t  X 1(5
in se t  X 1
2. T r a n s v e r s e  s e c t i o n  th ro u g h  b r o k e n  p e d ic le  and b r a c h i a l  v a lv e s ,  show ing  
f ine  p a r a l l e l  l a m e l l a e  o f  th e  in n e r  cartxin&Le l a y e r .
D e rb y ia  sp .  tD a v id s o n a c e a l
T h in  S e c t io n
C r o s s  P o la r i z e d  l i g h t
In s e t
P e n n s y lv a n ia n ,  T e x a s  






Pseudopunctate Brachiopod Shell M icrostructu re
1. L o n g itu d in a l  s e c t i o n  th ro u g h  a s in g le  p s e u d o p u n c ta  (P a )  p r o d u c e d  Into an  
in t e r n a l  s p in e  n e a r  th e  a n t e r i o r  of th e  b r a c h i a l  v a lv e  of P I c t y o c i o s t u a . Note the 
d o w n w a rd  { in w a rd ) d e f le c t io n  o f  the  fo l ia t io n  a s  it m e e t s  the  p s e u d o p u n c t a - - a  
f e a t u r e  c h a r a c t e r i s t i c  o f  th e  p s e u d o p u n e ta te  s h e l l s  of m a n y  g e n e r a .  T h e  s p in e  
is d i r e c t e d  to w a rd  th e  a n t e r i o r .
D ic ty o c lo s tu s  s p .  [ P r o d u c ta c e a i  P e n n s y lv a n ia n ,  T e x a s
P ee l  B r - 4 7 - lh i T x
P la n e  P o la r i z e d  l i g h t  X 50
2. T r a n s v e r s e  s e c t i o n  of th e  p e d ic le  v a lv e  of P r o d u c t  us s  how i ng fine  fo l ia te d  
s h e l l  m i c r o s t r u c t u r e ,  b r o k e n ,  hollow1 s p in e  b a s e  (5) on the  e x t e r i o r  of th e  
s h e l l ,  and  two p se u t io p u n c ta e  (Pfti p ro d u c e d  in to  in t e r n a l  s p in e s .
IT fx tuc tu s  p a r v u s  j Ih rx lu c ta c v a )  M is s i s s ip p i im ,  Iowa
P ee l  H r - 2 9 -M ia
P lan e  P o la r i z e d  I jg h t  X 125
3. l /> ng itud lna l s e c t i o n  th ro u g h  a s in g lc  p s e u d o p u n c ta  ( P s t  in the  t r a i l  of 
t^ e p ta c o a . i^ d n e  is d i r e c t e d  to w a rd  th e  a n t e r i o r .
L o p ta e n a  s p .  I S l ro p h o m e n a e e a l  
P ee l
P la n e  P o la r i z e d  l i g h t
D evon ian ,  O k lah o m a  
B r~25-IX >k 
X 125
4. T a n g e n t i a l  s e c t i o n  n e a r  th e  h in g e  o f  C h o n e te a  s h o w in g  r e s p o n s e  of the  
fo l i a t io n  in th e  in n e r  c a r b o n a t e  l a y e r  to  s e v e r a l  p s e u d o p u n c ta e  IP s ) .
C h o n e te a  g r a n u l i f e r a  -  O w en |C h o n e t» c e a |  P e n n s y lv a n ia n ,  K a n s a s
P la n e  P o l a r i s e d  Light X 125
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P la te  33 
P ro d u e t id  B ra c h io p o d  S p in es
1 . - 2 .  F o s s i l i f e r o u s  l i m e s to n e  c o m p o s e d  a l m o s t  e n t i r e l y  of h o l lo w ,  e x t e r n a l  
p r o d u e t id  b r a c h io p o d  s p in e s  in r a n d o m  o r i e n t a t i o n .  Note th in  b r ig h t  r in d  of the  
o u t e r  c a r b o n a te  l a y e r  in the  t h r e e  s p in e s  cu t t r a n s v e r s e l y  in F ig u r e  2.
P e n n s y lv a n ia n ,  K a n s a s
1. - 2. -31110 80011008 B r - l  21 - P aK s
C r o s s  P o la r i z e d  l i g h t  X Ifi
3, T r a n s v e r s e  s e c t i o n  of a  s in g le  p r o d u e t id  s p in e  sh o w in g  the  f in e ly  fo l ia te d  
in n e r  c a r b o n a t e  l a y e r  ami the  b r ig h t  r in d  f o r m e d  by the  o u te r  c a r b o n a te  l a y e r .
P t c t y o c lo s tu s  sp .  I P r o d u r tn c e a l  
P e e l
P la n e  P o la r i z e d  l i g h t
l* e rm in n ,  U tah  





Anom alous Braehiopod Shell M icrostru ctu re  and Internal S p ires
1. L o n g itu d in a l  s e c t i o n  th ro u g h  th e  p o s t e r i o r  p o r t i o n  of th e  b r a c h i a l  v a lv e  of 
C o m p o s i t a , i l l u s t r a t i n g  a n o m a lo u s  s h e l l  m i c r o s t r u c t u r e s .  T h e  o r d in a r y  f ib ro u s  
p r i s m a t i c  i n n e r  c a r b o n a te  l a y e r  (IL) of e a c h  v a lv e  is s p l i t  by a  p r i s m a t i c  l a y e r  
(P )  c o m p o s e d  o f  u n i fo rm ly  s m a l l ,  s t o u t  c a l c i t e  c r y s t a l s  o r i e n t e d  p e r p e n d i c u l a r  
to  the  c u r v a t u r e  of th e  s h e l l .  T h e  p r i s m a t i c  l a y e r  is  th i c k e s t  in the  p o s t e r i o r  
p o r t i o n  of th e  v a lv e  anti w e d g e s  ou t  a n t e r i o r l y .  W h e r e v e r  p r e s e n t ,  it is s a n d ­
w ic h e d  b e tw e e n  th e  f i b e r - l l k e  p r i s m s  of th e  in n e r  l a y e r  and is not m e r e ly  
s e c o n d a r y  a d v e n t i t io u s  th ic k e n in g .  N o rm a l ly  o r i e n t e d  p r i s m s  a r e  c o m m o n  in 
C o m p o s t  la s  f ro m  th e  P e n n s y lv a n ia n  anti P e r m i a n  anti a r c  a l s o  found in s o m e  
S p i r i f e r a e e a  and P e n t a m e r a e c a ,  A rro w  p o in ts  a n t e r i o r l y .
C o m p o s  i ta  s p .  (A th y r  id a cea )
T h in  S e c t io n
C r o s s  P o la r ix m l  l i g h t
J ns et
P e n n s y lv a n ia n ,  K a n s a s  
B r -7 - l> a K s  
X M ",
X 1
2. L o n g itu d in a l  s e c t i o n  th ro u g h  a s p e c im e n  of C om pos  i t a , s h o w in g  th e  in t e r n a l  
c a l c a r e o u s  s p i r e s .  T h e  s p i r e s  in th is  s p e c i m e n  a r e  not in n o r m a l  p o s i t io n ;  th u s ,  
th e  s e c t i o n  cu ts  on** s p i r e  lo n g i tu d in a l ly  and th e  o th e r  t r a n s v e r s e l y .  S p i r e s  a r e  
c o m p o s e d  of f i b e r - l i k e  p r i s m s  s i m i l a r  to th o s e  in the  in n e r  c a r b o n a t e  l a y e r .  
A r r o w  p o in ts  a n t e r i o r l y .
C o m p o s  i ta  s p ,  [ A th y r  id a c e a )  I V r m ia n ,  K a n sa s
T h in  S e c t io n  B r - 7 6 a - f h n K s
C r o s s  P o la r i z e d  Light X Hi





ta) B r a n c h in g ,  tw ig l ik e  b r y o x o a n  co lony  aw l m o r p h o lo g ic  f e a tu r e #  ty p ic a l  of 
a c m e  P a leoa to ic  t r e p o a t o m e ,  c r y p to a to m e ,  and e y c lo s to m e  B ry o * o a .  (b) 
F ro n d l ik e  co lony  and  m o rp h o lo g ic  f e a tu r e #  ty p ic a l  of P a le o z o ic  f e n e s t r a t e  
B ry o a o a .  T r a n s v e r s e  s e c t i o n  of f e n e s t r a t e  B r y o r o a  m o d if ie d  a f t e r  E l ia s  
and C o n d ra  (1957, F ig u r e  1, p .  27).
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FI a te  36 
T r  ep o s  to  m e  B r y o r o a
1. L o n g itu d in a l  s e c t i o n  th ro u g h  p a r t  o f  a co lony  of H a l lo p o ra  i l l u s t r a t i n g  the  
d i f f e r e n c e  in w all  t h i c k n e s s  and  s p a c in g  o f  d i a p h r a g m s  b e tw e e n  th e  e a r l y  p a r t  
of the  co lo n y  (£ N  * E n d o z o n e )  and  the  l a t e r  p a r t  of th e  co lo n y  (EX * E x o z o n e ) .  
Note th e  r e l a t i v e l y  l a r g e  e n d o z o n e  r e l a t i v e  to th e  e x o i o n e ,  a  c h a r a c t e r i s t i c  of 
t r e p o s  to m e  B r v o z o a .  C o lo n ia l  g ro w th  w as  u p w a rd  ( le f t)  ami o u tw a rd  (top).
H a l lo p o ra  s p .  IH a l lo p o r id a e )  O r d o v ic ia n ,  Ohio
T h in  S e c t io n  B r y - 1 2 - 0 0
C r o s s  P o l a r i s e d  Light X 16
2. T a n g e n t ia l  s e c t i o n  o f  the  ex  o zo n e  sh o w in g  fo l ia te d  w a l l s ,  ro u n d e d  z o o e c ia  
(Z) and  p o ly g o n a l  m m o p o r e a  (M). Note th e  d a r k  zone r im m in g  th e  z o o e c ia .  
T h is  is an o p t ic a l  e f fe c t  in  b r y o z o a n  s k e le to n s  c a u s e d  by n e a r  v e r t i c a l  
o r i e n t a t i o n  of the  th in  c a lo t t e  p la t e s  a ro u n d  the  z o o o e ta l  tu b e .  In the  l i g h te r  
p a r t s  of th e  w a l ls  th e  p la te s  a r e  a p p r o x im a te ly  in th e  p la n e  of th e  s e c t io n .
H a l lo p o ra  s p .  { H a llo p o rid ae}  O r d o v ic ia n ,  O hio
P e e l  B r v - 12 -0 0
P la n e  P o l a r i z e d  Light X 125
3, L o n g i tu d in a l  s e c t i o n  th ro u g h  the  d i s t a l  end of a  r o o e e i a l  tu b e  (Z) of the  
s p e c i m e n  i l lu s t r a te s !  in F ig u re  I .  s h o w in g  th e  th ic k e n e d  o u t e r  w a lls  in the  
o u te r  p a r t  o f  th e  co lo n y ,  " C o n e - t n - c o n e 1' s t r u c t u r e  of th e  fo l ia te d  w a l l s ,  
and  i n c r e a s e d  n u m b e r s  of d i a p h r a g m s  (D) in th e  m e s o p o r e s  (Mi.
H a l lo p o ra  t»p. (H a l lo p o r id a e !  O r d o v ic ia n ,  O hio
l*eel Hr> -1 2 -0 0




Trepan tom e B ryozoa
1. L o n g i tu d in a l  s e c t i o n  th ro u g h  a s p e c i m e n  of K h o m b o try p a  sh o w in g  th e  ch an g e  
in a h a p e  of th e  z o o e e la l  tube#* f ro m  q u a d r a t e  o u t l in e  in th e  endozcm e tEN ) to o v a l  
in th e  e x o z o n e  (EX),
B h o m b o t ry p a  s p .  IA m p ie x o p o r id a e )  O r d o v ic ia n ,  Ind iana
T h in  S e c t io n  B r y - 4 - O ln d
C r o s s  P o la r i z e d  U g h t  X 1 G
2. -  .i. S ec t!o n  th ro u g h  a co lony  of B o m a t r y p a  i l l u s t r a t i n g  c y s t i p h r a g m s  (Cl.
H o m a t ry p a  s p .  tM o n t i e u l ip o r id a e l  O r d o v ic ia n ,  Ohio
2. T h in  S ec t io n  B r v - 7 - 0 0
C r o s s  P o la r i z e d  l i g h t  X Ifi
3 . P e e l  B r y - 7 - 0 0
P la n e  P o la r i z e d  l i g h t  X 125
J. L o ng itud ina l s e c t i o n  th ro u g h  th e  en d o z o n e  of P r a a o t t o r a  sh o w in g  w e ll -  
d e v e lo p e d  c v s t i p h r a g m s  <C ) in  the  z o o e n a l  tube*  and  c lo s e ly  s p a c e d  d i a ­
p h r a g m s  fI>i in th e  m e s o p o r e s .  T h e  Zfxw ciai w a l ls  in the  e n d o zo n e  a r e  
o f te n  fine ly  g r a n u l a r  as  sh o w n  hs th i s  s p e c i m e n ,  w h e r e a s  the  e x o z o n e  is 
f o l i a t e d .
P ra a o jx » ra  up . {M o n t ie u l ip o r id a e i  
Pee!
P la n e  P o la r i z e d  Light
O r d o v ic ia n ,  M in n e s o ta  




P la te  38 
T r e p o s to m e  B ry o z o a
1. -  3. T r a n s v e r s e  and lo n g i tu d in a l  s e c t i o n s  th r o u g h  a  t r o p o s t o m e  co lony 
i l l u s t r a t i n g  m o r p h o lo g ic  f e a t u r e s  and s k e l e t a l  m i e r o s t r u c t u r e .  (1) T r a n s v e r s e  
s e c t i o n  th ro u g h  th e  e a r l y  p a r t  o f  th e  co lo n y  sh o w in g  th in - w a l l e d  z o o e c ia .
(2) L o n g i tu d in a l  s e c t io n  th ro u g h  a  l a t e r  p a r t  o f  the  co lo n y  sh o w in g  b l i s t e r - l i k e  
g ro w th s  (A  a c a n t h o p o r e s i  in  th e  w a l l s ,  (3) T a n g e n t ia l  s e c t i o n  th r o u g h  the 
e x o z o n e  show ing  a c a n th o p o r e s  (Ai in t r a n s v e r s e  s e c t i o n .
1. - 3. T r  e p o s  to  m e  B ry o z o a  
P e e ls
P la n e  IV>lari zed Light
P e r m i a n ,  T e x a s  
B r y - 3 9 -  P m T x  
X 50 
X 125
4. T a n g e n t ia l  s e c t i o n  th ro u g h  e x o z o n e  of a n o t h e r  Mfx*cim«n, sh o w in g  two 
o r d e r s  of a c a n ih o p o r e s  (A ). T h e  l a r g e r  m e g a e a n th o p o r e s  g e n e r a l ly  o r e u r  
a t  th e  b a s e  o f  a  / .o o ee la l  a p e r t u r e .
P ee l
Plant '  P o la r i z e d  Ught




C ryptoslom e B ryozoa
1. R a n d o m ly  o r i e n t e d  s p e c i m e n s  r e p r e s e n t i n g  s e v e r a l  g e n e r a  of c r v p to a to m e  
B r y o z o a ,  i l l u s t r a t i n g  v a r io u s  g ro w th  f o r m s .
D e v o n ia n ,  M ic h ig a n  
T h in  S e c t io n  B r v - 3 5 - D M lc h
C r o s s  P o la r i z e d  U g h t  X 16
2. A p p r o x im a te ly  lo n g i tu d in a l  s e c t i o n  th ro u g h  tw o c o lo n ie s  i l l u s t r a t i n g  the  
s h o r t  e n d o z o n e  <KNT r e l a t i v e  to  the  e x o z o n e  (KXl, a c h a r a c t e r i s t i c  of m a n y  
g e n e r a  o f  e r y p to s lo ro e  B rv o z o a ,  D a rk  s t r e a k s  w ith in  th e  e x o z o n e  a r e  
a c a n t h o p o r e s . Note c h a n g e  in  s h a p e  o f  z o o o e ia  f ro m  enrtozom* to  ex o z o n e . 
C o lo n ia l  g ro w th  w as u p w a rd  and  o u tw a rd .
R h o m b o p o r  a s p .  |H h a b d o m e » id a e )
T h in  S e c t io n
C r o s s  P o la r i z e d  l i g h t
t^ e n n sy lv a n ia n ,  T e x a s  




P la te  40 
C r y p to s to m e  B rv o z o a
1. L o n g i tu d in a l  s e c t i o n  th r o u g h  th e  a x ia l  p o r t i o n  of A r c h i m e d e s , sh o w in g  ro w s  
o f  z o o e c ta  (7.> e m b e d d e d  in th ic k  s c l e r e n c h y m a  w h ich  is  f o rm e d  of m in u te  c a l c i t e  
p l a t e s .  T h e  a l t e r n a t i n g  ligh t and d a r k  v e r t i c a l  s t r e a k s  a r e  a n  o p t i c a l  e f f e c t  c a u s e d  
by d i f f e r e n t  o r i e n t a t i o n s  of th e  p l a t e s  a s  th e y  a r e  d e f l e c te d  by s p i c u l e s .  T h e  p l a t e s  
a r e  b en t  u p w a rd  a r o u n d  th e  s p i c u l e s  p ro d u c in g  th e  d a r k  r o n e s  and  a r e  a p p r o x im a te ly  
h o r iz o n ta l  in the  ligh t z o n e s .  T h e  co lo n y  g re w  u p w a rd  and  s p i r a l l y  o u tw a rd .
A r c h im e d e s  s p .  | F e n e s te l l id a e J  M is s i s s i p p ia n
T h in  S e c t io n  B ry - 1 0 - M X
O r d in a r y  Light X 10
2. A p p ro x im a te ly  lo n g i tu d in a l  s e c t i o n  th ro u g h  a f e n e s t r a t e  h r v o z o a n  colony sh o w in g  
d i s t r i b u t i o n  o f  z o o e c ia  iZ'i, f e n s t e r s  (Ki. aw l s c l e r e n c h y m a .  Note s t r e a k s  in 
s c l e r e n c h y m a  p ro d u c e d  hv d i s t r i b u t i o n  of s p i c u l e s .
F e n e s t r a t e  b r v n z o a n  [ F e n c s te l l i d a c )  P e n n s y lv a n ia n ,  K a n s a s
l>ecl B r v - 2 7 - P a K s
P la n e  P o l a r i z e d  Light X 32
3. -  4. T r a n s v e r s e  s e c t i o n s  th ro u g h  z o o c c ia  of A r c h i m e d e s . y li  S e c t io n  n e a r  
the  b a s e  of th e  f ro n d  w ith in  the  a x ia l  s c r e w  s h o w in g  d e n s e  fo l ia te d  s c l e r e n c h y m a  
and  o u tw a rd  d e f le c t io n  of th e  s c l e r e n c h y m a  a ro u n d  s p i c u l e s  (Spt. T h e  s e r r a t e  
w h ite  a r e a  s u r r o u n d in g  th e  z o o e c ta  is the  e a le lU c  c o lo n ia l  p le x u s  (P) w h ich  h as  
s in g le  c r y s t a l  m i e r n s t r u c t u r e .  T he C a x is  Is n o r m a l  to  th e  p la n e  of the  s e c t i o n s .
179
(4) T r a n s v e r s e  s e c t i o n  th ro u g h  t h r e e  s t a l k s  o f  a f ro n d  ly in g  o n  a b e d d in g  p la n e .  
F r o n t  of t h e  f ro n d  is  to w a rd  th e  top  o f  the  p h o to g ra p h .
A r c h im e d e s  s p ,  I F e n e s te l i id a e J  M i s s i s s i p p i a n ,  O k la h o m a
P e e l  B ry -4 8 -M O k




C y c lo s to m e  R rv o z o a
1. T h in  s e c t i o n  th ro u g h  p a r t  of a co lony  of F l a t u l ip o r a  sh o w in g  c i r c u l a r  
z o o e e ia  ( Z )  s e p a r a t e d  by v e s i c u l a r  t i s s u e .  T y p ic a l  c y c l o s t o m e s  h a v e  s i m p l e  
u n c o n t r a c te d  c i r c u l a r  z o o e c ia l  t u b e s ,  w ith  o r  w i th o u t  d i a p h r a g m s  and d i s p la y  
no d i s t i n c t  e n d o z o n e  o r  e x o r o n e .  T r u e  a c a n tb o p o re #  a r e  a b s e n t .  C o lo n ia l  
g ro w th  of th is  s p e c i m e n  w as  u p w a rd  and o u tw a rd .
F l a t u l i p o r a  s p .  ( H s t u l i p o r i d a e )  P e n n s y lv a n ia n .  M is s o u r i
T h in  S e c t io n  B r y - 3 0 - P a M o
C r o s s  P o la r i z e d  l i g h t  X 16
2, T a n g e n t ia l  s e c t i o n  th ro u g h  th e  o u t e r  p a r t  of a n o th e r  s p e c i m e n  sh o w in g  
c i r c u l a r  z o o e e ia  s u r r o u n d e d  by a r i m  of c l e a r  c a l c i t e  (P  p e r i s t o m e i  n e a r  
t h e i r  o r i f i c e .
F la tu l ip o r a  «p . f F i s tu l ip o r id a o l  P e n n s y lv a n ia n ,  O k la h o m a
T h in  S e c t io n  B r y - 2 6 - P a O k
O r d in a r y  Light X 32
:t. M agn if ied  view of a z o o e c iu m  (7  t anti v e s i c u l a r  t i s s u e .  T h e  w a lls  of the  
s k e le to n  c o n s i s t  of f ine ly  g r a n u l a r  c a l c i t e  and a r e  d i s t i n c t l y  bounded  f ro m  the  
v o id - f i l l i n g  c a l c i t e .  C y c lo s to m e s  of th i s  f a m i ly  o f te n  s h o w  th is  type  of w all 
s t r u c t u r e  s u g g e s t in g  e a r l y  r e c r y s t a l l i z a t i o n  w h e r e a s  t r e p o s t o m e s  and  
c r v p t o s t o m e s  do not.
F iw tu l ip o ra  up . { F t s tu l lp o r id a c l  
P ee l
P la n e  P o la r i z e d  Light
P e n n s y lv a n i a n , O k la h o m a  
B r y - 2 6 -  PaO k 
X 125

P la te  42 
C o e le n te r a te s  -  R u g o se  C o ra l s
T h e  f ig u re  sh o w s  s o m e  m o rp h o lo g ic  f e a tu r e s  of a s o l i t a r y  r u g o s e  c o r a l  and  
s e p ta l  m i c r o s t r u c t u r e s .  M i c r o a t r u c t u r e s  a f t e r  W ang (1950, F ig u re s  7 6 a -d ) .
C O C t t M T E H A T f S  -  S t l f t i r j  l l f i s i  C » n l :
t t fu i  Ricnuitnati
y  '
l U U  Hlf (Till 
n T*ir*ti
C H I T !
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MilM l l f U  
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^  I t l t t i l  
IliUHRUU
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n u t  a t o m
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P la te  43 
C o e l e n t e r a t e s  - T a b u la te  Carat®
T h e  f ig u re  s h o w s  s o m e  m o r p h o lo g ic  f e a t u r e s  and m i c r o s t r u c t u r e s  of c o m m o n  
P a le o z o ic  t a b u la te  c o r a l s .
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P la te  44 
R u g o s e  C o r a l s
1 . - 2 ,  T r a n s v e r s e  (1) and  lo n g i tu d in a l  (2) s e c t i o n s  of C a n ln la  s p .  i l l u s t r a t i n g  
s h a p e ,  s e p ta  (Si, t a b u la e  (T ), and  d i s s e p i m e n t s  (Di in a t o n e  m a r g i n a l  to  th e  
w a ll .
C a n ln ia  s p .  IC y a th o p e k la e )
T h in  S e c t io n
C r o s s  P o la r i z e d  Light
P e n n s y lv a n ia n ,  T e x a s  
C o r - l - P a T x  and  C o r - l a - P a T x  
X 2
3. -  4. T r a n s v e r s e  (3) and  lo n g i tu d in a !  <4) s e c t i o n s  of L ophophy 11 id ium  
i l l u s t r a t i n g  c o n ic a l  s h a p e  of r u g o s e  c o r a l s  and c o lu m e l l a  (C) in  t r a n s v e r s e  
s e c t i o n .
Lophoph y 11 id i um  s p . 1 Lophophy 11 id a e  1
T h in  S ec t io n
C r o s s  P o la r i z e d  l i g h t
P e n n s y lv a n ia n ,  T e x a s  




P la te  45 
H ugos e  C o r  ale
1. T r a n s v e r s e  s e c t i o n  th ro u g h  a  c r u s h e d  s p e c i m e n  o f  C y a th a x o n ia  sh o w in g  
l a r g e  c o lu m e l l a  (Cl f o r m e d  by d i s t a l  e x p a n s io n  of one  s e p tu m .  T h e  w a lls  and 
s e p t a  a p p e a r  to  b e  c o m p o s e d  of e lo n g a te  e a i c i t c  g r a i n s .  T h e r e  is no a l ig n m e n t  
of c e n t e r s  of c r y s t a l l i z a t i o n :  t h e r e f o r e ,  the  s e p t a  la c k  a d a r k  m e d ia n  l in e .
C y a th a x o n ia  s p .  IC y a th a x o n id a e j  M i s s i s s i p p i a n ,  M is s o u r i
T h in  S e c t io n  C o r - 1 0 - M M o
C r o s s  P o la r i z e d  Light X 16
2. T r a n s v e r s e  &f»etion th ro u g h  Lophophy l l id iu m  sh o w in g  l a r g e  c o lu m e l l a  (Cl 
p r o d u c e d  by e x p a n s io n  of th e  d i s t a l  end  of th e  tx ju n ic r  s e p tu m .  T h e  po in t 
c e n t e r s  of c r y s t a l l i z a t i o n  a r e  a l ig n e d ,  f o r m in g  a d a r k  m e d ia n  l in e  in e a c h  
s e p t u m .
bophophy11 it!ium s p .  I L o p h « p h y l l id i id a e |  P e n n s y lv a n ia n .  T e x a s
Thi n Seertion C o r  -  H~ P aT x
C r o s s  . P o la r i z e d  l i g h t  X 12
In se t  X 2
*
Plate 46
R ugose C oral Skeletal M icroatructures
1. L o n g i tu d in a l  s e c t io n  o f  a p o r t i o n  of th e  t h e c a  o r  w all of the  s p e c i m e n  
i l l u s t r a t e d  in F ig u r e  1 of th e  p r e c e d in g  p l a t e ,  s h o w in g  i r r e g u l a r l y  c u r v e d  
c& lcitc  p l a t e s  w h ich  c o n s t i tu t e  th e  s k e le to n .
C y a th a x o n ia  s p .  [C v a th a x o n i id a e l  M is s i s s i p p i  a n ,  M is s o u r i
P e e l  C o r - 1 0 - M M o
P la n e  P o la r i z e d  L ight X 125
2,  T r a n s v e r s e  s e c t i o n  o f  the  o u te r  p o r t i o n  of a s e p tu m  of H e te r o p h r e n t l s  
sh o w in g  a p r e f e r r e d  o r i e n t a t i o n  of the  c a l c i t c  p la t e s  p a r a l l e l  to th e  o u te r  
s u r f a c e  of the  s e p tu m .  (S S e p tu m ,  M M a t r ix .  ) T h is  is  p ro b a b ly  the 
l a m e l l a r  s t r u c t u r e  of W ang (1950).
H e te r o p h r e n t l s  s p .  [ S t r e p t e l a s m a t id a e l  L>evonian, O hio
T h in  S e c t io n  C o r - 2 0 - r X )
P la n e  l\»lartr,**d Light X 125
.'L T r a n s v e r s e  s e c t i o n  of a s e p tu m  in L o p h o p h y l l id lu m  s h o w in g  a l ig n m e n t  
of th e  p o in t  c e n t e r s  of c r y s t a l l i z a t i o n  of th e  f ib e r  f a s c i c l e s  to f o r m  a d a r k  
m e d ia n  l in e .
L o p h o p h y l l id lu m  s p .  t L o phophyH id iidae)
T h in  S e c t io n
P la n e  P o la r i z e d  l i g h t
P e n n s y lv a n ia n ,  T e x a s
C o r  -6  -  P aT x  
X 125
4, T r a n s v e r s e  s e c t i o n  o f  th e  o u te r  p o r t i o n  of a n o th e r  s p e c im e n  of 
L o p h o p h y U ld iu m  s h o w in g  we 11- d e v e lo p e d  ep  I th e e  a  (E) w h ich  a p p e a r s  as  a 
th in  b r ig h t  r in d  and th e  t h e c a  (T) w h ich  f o r m s  th e  bu lk  of th e  c o r a l  s k e l e t o n .
L o p h o p h y l i id iu m  s p .  ( L o p h o p h y l lfd i id ae j  P e n n s y lv a n ia n ,  T e x a s
T h in  S e c t io n  C o r - l l - P a T x
P la n e  P o l a r ! r e d  Light X 125

Plate 47
R ugose Coral Skeletal M icro stru ctu res
I , T r a n s v e r s e  s e c t i o n  of s e v e r a l  s e p t a  in C a n in ia  s h o w in g  a  p ro n o u n c e d  
m e d ia n  d a r k  l in e  and  ’f u r r y ” f ib ro u s  s t r u c t u r e  c a u s e d  by  o r i e n t a t i o n  of 
th e  c o m p o n e n ts  of m i c r o s t r u c t u r e  p e r p e n d i c u l a r  to  the  p la n e  of th e  s e p ta  
am i d i s s e p i m e n t s .
C a n in ia  up. (C y a th o p s id a e j  P e n n s y lv a n ia n ,  T e x a s
T h in  S e c t io n  C o r - 7 - P a  Tx
C r o s s  P o la r i z e d  l i g h t  X Hi
2. L o n g itu d in a l  s e c t i o n  of a n o t h e r  s p e c i m e n  of C an in ia  i l l u s t r a t i n g  
h o r iz o n ta l  t a b u la e  (T i,  v e r t i c a l  s e p ta  fSj, am! a r c h e d  d i s s e p i m e n t s  (I>),
C a n in ia  s p .  jC v a th o p s id a e l  P e n n s y lv a n ia n .  T e x a s
T h in  S ec t io n  C o r - l a  - IhiTx
C r o s s  tV d a r tz o d  l i g h t  X Si
A.  - 4. C o m p a r i s o n  b e tw e e n  s k e le t a l  m i c r o a t r u c t u r e s  of c o r a l s  (C or)  ami 
B r \ ho zo a  (B rv )  - -  Note th e  d a r k e r  c o lo r  of th e  b r v o r o a ,  p ro b a b ly  the  r e s u l t  
of ftcme*r g r a in  s i z e  of the  B ry o z o a n  s k e le to n .
S t r e p t o l a a m a  ami T r e p o s t o m e  B ry o /.o a  O r d o v ic ia n ,  Ohio
A.  T h in  S e c t io n  C o r - 5 - 0 0
C r o s s  P o la r i z e d  Light X 5
4 , P e e l  C o r - 5 - 0 0




1, T r a n s v e r s e  s e c t i o n  of Fa v o s  I t e n , a c o m m o n  P a le o z o ic  t a b u la te  c o r a l  w ith  
p e r f o r a t e  w a l l s  and s e p t a  r e d u c e d  to s p in e s  (S), Sw ann (1941, p. 19751 
d e s c r i b e s  i n t c r c o r a l l i t e  w a ll  s t r u c t u r e s  of th e  F a v o s i t i d a e  a s  c o n s i s t i n g  of 
f iv e  p a r t s  (A) "  a  c e n t r a l  z o n e  of y e l lo w is h  t r a n s l u s c e n t ,  . , e a l c i t e ,  (Bl
tw o  th in  o p a q u e  l in e s  a d ja c e n t  to th e  c e n t r a l  zo n e  anti (C) tw o f ib r o u s ,  . . z o n e s "  
in w h ich  the  a p p a r e n t  o r i e n t a t i o n  o f  the  ’' f i b e r s ’* is  n o rm a l  to  th e  w a ll .  All 
z o n e s  a r e  r e c o g n i z a b l e  in  the  low m a g n i f ic a t io n  p h o to g ra p h .
F a v o s i t e s  s p .  1 F a v o s i tn la e J  S i lu r i a n ,  T e x a s
T h in  S e c t io n  C o r - 2 7 - S T x
O rd inary - L ight X 14
2. L o n g itu d in a l  s e c t i o n  th ro u g h  T h a m n o p a r a , one  of th e  few ta b u la te  c o r a l s  
w ith  th ic k e n e d  w a lls  n e a r  the  o u te r  p a r t  o f  the  co lony  s i m i l a r  to  the  e x o zo n e  
of t r e p o s t o m e  and  c r y p t o s t o m e  B ry o z o a ,  C o r a l s  of th is  type  a r e  r e a d i ly  
d i s t in g u is h e d  f ro m  B ry o z o a  by th e  r e l a t i v e ly  l a r g e  s i z e  of the c o r a l l i t e s ,  
w a l l  m i c r o s t r u c u r e , p r e s e n c e  o f  m u r a l  p o r e s  s P l ,  ami o c c a s io n a l ly  by th e  
p r e s e n c e  of s p in e s  p r o je c t in g  in to  the  body c a v i ty .  In a d d i t io n  to  the  five  
p a r t  c o r a l l i t c  w a lls  as  d e s c r i b e d  for the  f a v o s i t id  c o r a l  a b o v e ,  th i s  c o r a l  
c o n ta in s  an  o u te r  zone  of i r r e g u l a r  th i c k n e s s  c o m p o s e d  of c o a r s e ,  n o r m a l ly  
o r  te n ted  f i b e r s .
T h a ro n o p o ra  s p .  { F a v o s i t td a e l
T h in  S e c t io n
C r o s s  p o l a r i z e d  Light
D ev o n ian ,  N orth  D ako ta  
C o r - 4 7 -D M ?
X 5
3 .  T r a n s v e r s e  s e c t i o n  th ro u g h  a n o th e r  t a b u la te  c o r a l  w ith  w e l l -d e v  e lo p ed
septa.
T h e c i a ? up . i F a v o a i t id a e J  
T h in  S ec t io n  
O r d in a r y  Light
S i lu r i a n ,  New York 





1. A p p r o x im a te ly  t r a n s v e r s e  s e c t io n  th ro u g h  a  co lony  of A l v e o l i t e s .
In s o m e  p a r t s  o f  th e  co lony  e lo n g a te  c a l c i t e  g r a in s  a r e  o r i e n t e d  in the  
p la n e  of the* w a l l ,  in  o u t e r  p a r t s  th e  c o m p o n e n ts  of m i c r o s t r u c t u r e  a r e  
o r i e n t e d  n o r m a l  to  th e  c o r a l l t t e  w a l l .  A n u m b e r  of g r a in s  m a y  s h a r e  the  
s a m e  o p t ic  o r i e n t a t i o n ;  th u s ,  l a r g e  l i n e a r  a r e a s  a p p e a r  to  e x t in g u is h  a s  
a u n i t .
A lv e o l i te s  s p .  I Fa v a s t  tidae} D ev o n ian ,  C tnada
T h in  S e c t io n  t 'o r - I I l - P X
C r o s s  P o la r i z e d  Light X 16
2.  A p p ro x im a te ly  lo n g i tu d in a l  s e c t i o n  th ro u g h  C h a e t e t e s , an  a s e p t a t c  c o r a l  
c o m m o n  in l a t e  P a le o z o ic  r o c k s ,
C h a e t e te s  s p .  iC h a e te t id a e }  P e n n s y lv a n ia n ,  Ctah
O r d in a r y  L ight X s .  5
:l. A p p r o x im a te ly  lo n g i tu d in a l  s e c t io n  th ro u g h  p a r t s  of two c o r a l l i t e s  of 
d a d o c h o m i s  a ‘t a b u l a t e ” c o r a l  w hich  la c k s  bo th  s e p ta  and ta b u la e .  The 
co lo n y  is  c o m p o s e d  of t r u m p e t - s h a p e d  co r a i l  i te a  w h ich  in c r e a s e  l a t e r a l l y  
th ro u g h  the w a ll  of an  o ld e r  c o r a l l t t e .  T he  th ick  w a ils  a r e  c o m p o s e d  of long 
c a l c i t e  p la te s  o r  g r a i n s  a r r a n g e d  c o n e e n t r t c a l l y  about the  lo n g i tu d in a l  a x i s .
C la d o e h o n u s  s p .  (A u lo p o r id ae J
T h in  S ec t io n
C r o s s  P o la r i z e d  Light
M i s s i s s i p p ia n ,  Ind iana  




P la te  50 
S c l e r a c t i n id  C o r a l s
1. -  4. T h in  s e c t i o n  th ro u g h  th e  w all o f  a s in g le  s p e c im e n  of E o d o p a e h y s . 
a  s o l i t a r y  s c l e r a c t i n i d  c o r a l ,  s h o w in g  f ib e r  f a s c i c l e s  o r  s c l e r o d e r m i t e s  
in v a r io u s  o r i e n t a t i o n s .  T h e  d a r k  l ine  in < 1 > an d  <3) is  p ro d u c e d  by c o n ­
c e n t r a t i o n  of e x t r e m e l y  f i n e - g r a i n e d  carl>onate  a lo n g  a plant? w h e re  po in t 
c e n t e r s  of c r y s t a l l i s a t i o n  a r e  a l ig n e d .  " F a n - s h a p e d "  f ib e r  f a s c i c l e s  a r e  
sh o w n  cu t o b l iq u e ly  (2i and t r a n s v e r s e l y  i4t.
Endopachys  sp .  iD endropby l l t idae j  T e r t i a r y ,  Louis iana
Thin  Section ( 'o r  ~ 5 5 - T La
Plane P o la r i z e d  laght I . X l\2
2. i. X 125
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P la te  51
S c le ra c t in id  C o ra l  and O c to c o r a l s
1. L ong itud ina l s e c t io n  th ro u g h  a R e c e n t  c o lo n ia l  s c l e r a c t i n i d  c o r a l ,
P o r i t e a , show ing  r e l a t iv e ly  m a s s iv e  a r a g o n i t ie  w a l ls  fo rm e d  by c o a l e s c e n c e  
of f ib e r  f a s c i c l e s  anti " v e r m i f o r m  c a v i t i e s ,  " on ce  o c c u p ie d  by so f t  p a r t s .
P o r i l e s  s p .  t IX iritidaeJ R e c e n t ,  F lo r id a
P ee l  Co r - 4 - Q FI a
P lane  P o la r i r e d  l i g h t  X 31
2, T r a n s v e r s e  s e c t io n  th ro u g h  p a r t  of a colony of th e  m o d e rn  " o r g a n - p ip o "  
c o r a l ,  T u b i p o r a . T h e  s k e le to n  is c o m p o se d  of d e n s e ,  b r i t t l e  c a ie i t c ,  
heav i ly  im p re g n a te d  with p ig m e n t .  T h e  s e c t io n  cu ts  s e v e r a l  e o r a l l t t e s  ami 
p a r t s  of two s to lo n s  id a rk ,  v e s i c u l a r  m a t e r i a l  co n n ec tin g  c o r a l l i t e s l .
T u b ip o ra  sp .  |T u h ip o r id a e |  R ecen t
T h in  S ec t ion  C o r-4 h -Q X
O rd in a ry  Light X 10
3. R e la t iv e ly  la rg e  " s p i n d l e - s h a p e d ” c a lo t te  s p ic u le s  f ro m  a s e a  whip.
t tk i rgon i idael
Oil
P lan e  P o la r i z e d  Light
R e c e n t ,  F lo r id a  
C or - 5 3 -Q F la  
X 50
4. R an d o m ly  o r i e n t e d ,  w a r ty ,  " s p i n d l e - s h a p e d "  e a l c i t e  s p i c u l e s  f ro m  
s e a  fan .
G o rg o n ia  s p .  (G o rg o n iid a e j  
O il
P la n e  P o la r i z e d  l i g h t
R e c e n t ,  F lo r id a  





P la te  52 
C o e le n te r a te *  -  S t r o m a to p o r o id a
T h e  f ig u re  show n tw o g ro w th  f o r m s ,  m o rp h o lo g y ,  and  a r c h i t e c t u r e  o f  f o s s i l  
s t r o m a t o p o r o i d  c o lo n ie s .
CIELENTIMTES STIOMfcTOPOSOIDS:
C U t » M H U  
I t  *■(■)■« t o i w
A '
m u t l
C W t i O  I  Al l  MU I
( l u i u i  u m n i i
»i
W B M U  U N U A f
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P la t e  S3 
H tro m a to p o ro id a
1. S e c t io n  th ro u g h  a s m a l l  co lony  i l l u s t r a t i n g  th e  e n c r u s t i n g  h a b i t  of 
s t r o m a t o p o r o i d s . LA m tnae and  p i l l a r s  a r e  e q u a l ly  d e v e lo p e d  in th i s  s p e c i m e n  
b u t  a r e  d if f ic u l t  to  d i s t i n g u i s h  b e c a u s e  of r e  c r y s t a l  It r a t i o n .  T h e  p o s i t io n  of 
s e v e r a l  a a t r o r h i r a e  (A) is  m a r k e d  on  th e  o u t e r  s u r f a c e  by  n o d e s .  T h e  l o w e r ­
m o s t  a s l r o r h i z a  in  th e  p h o to g ra p h  is  cu t  t r a n s v e r s e l y ,  the  o t h e r s  a r e  cu t  
o b l iq u e ly .  U n d u la t in g  d a r k  r o n e s  m a r k  i n t e r r u p t io n s  in th e  g ro w th  of the  co lo n y .
D ev o n ian ,  N orth  D ak o ta  
T h in  S e c t io n  S t r - 4 - D M )
O r d in a r y  Light X 5
2. S e c t io n  th ro u g h  a c o lo n y ,  c u t t in g  s e v e r a l  a s t r o r h i z a e  tA > t r a n s v e r s e l y .  
P a r t s  of th e  r a d ia t in g  c a n a ls  c a n  be  s e e n .
T h in  S e c t io n  
O r d in a r y  Light
3, T r a n s v e r s e - o b l i q u e  s e c t i o n  th ro u g h  p a r t  of a co lony sh o w in g  d is c o n t in u o u s  
p i l l a r s .  S om e c a r b o n a c e o u s  l a m in a e  a p p e a r  to  be  s p l i t  by a c e n t r a l  zo n e  of 
c l e a r  c a l c i t e .  P i l l a r s  a p p e a r  a s  d a r k  b le b s .
D e v o n ia n ,  N orth  D ak o ta  
S t r - S - D M )
X 5
C la th ro d ic t .y o n  s p .  
T h in  S e c t io n  
O r d in a r y  Light
S i lu r i a n ,  New M ex ico  
S t r - l - S D N M
x  s

P la te  54
E c h in o d e r m s  -  B la a to id s  and C r in o id a
F ig u r e  sh o w s  m o rp h o lo g ic  f e a t u r e s  of tw o c o m m o n  P a le o z o ic  s t a lk e d  
e c h i n o d e r m s ,  (a) B la a to td .  <b) C r in o ld .  <c) S o m e  f r a g m e n t s  and 
p i e c e s  of c a l ie e e  and c o lu m n * .
ECHINODERMS- lUSTOtDS i  CRIMOIDS
w till  At UCIItltM m t  
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L chi noderm Fragm ents and M icrostructure
1. - 2. S e c t io n  th ro u g h  an  a s s o r t m e n t  of r a n d o m ly  o r i e n t e d  c r in o id  o s s i c l e s  
i l l u s t r a t i n g  s o m e  c o m m o n  s h a p e s  and un it  e x t in c t io n  of the  p a r t i c l e s  b e tw e e n
c r o s s e d  n ic o l s .
T h in  S ec t io n
1. O r d in a r y  L igh t
2. C r o s s  P o l a r i r e d  Light
P e n n s y lv a n ia n .  K en tucky  
C r - l l - P a K y  
X B, 5 
x  a.  5
3. L o n g i tu d in a l  s e c t io n  th ro u g h  one  p la te  of a s a n d  d o l l a r .  T h e  f ig u re  sh o w s  
th e  a r c h i t e c t u r e  of the  s k e le to n  ty p ic a l  of e c h i n o d e r m s . A r e t i c u l a t e  n e tw o rk  
of e a l c i t e  i s  p ro d u c e d  by un io n  of t r i f i d  p a r t i c l e s .  Void i n t e r s p a c e s  show n in 
th e  p h o to g ra p h  a r e  f i l led  w ith  a c o r r e s p o n d in g  r e t i c u l a t e  n e tw o rk  of o r g a n ic  
m a t e r i a l  d u r in g  l i fe .
Mellila up.
T h in  S e c t io n
P la n e  P o l a r i s e d  l i g h t
R ece n t  






1 . - 2 .  C r in o id  f r a g m e n t s  sh o w in g  s p a r r y  c a l e i t e  o v e r g r o w th s  and  un it  
e x t in c t io n .
T h in  S ec t io n
1. O r d in a r y  L ight
2. C r o s s  P o t a r l r e d  t i g h t
P e n n s y lv a n ia n ,  New M ex ico  





P la te  57 
E r h i n o d e r m s  -  E c h in o id s
T h e  f ig u re  sh o w s  an  " u n n ta lk e d ” e e h tn o id  t e a t ,  m o r p h o lo g ic  f e a t u r e s , 
c o m m o n  s h a p e s  of p r i m a r y  s p i n e s ,  s o m e  c r o s s - s e c t i o n a l  p a t t e r n s  of s p in e s  
p ro d u c e d  by th e  d i s t r i b u t i o n  o f  c a l c i t e ,  an d  p la t e  and  s p in e  a r c h i t e c t u r e .  
C r o s s - s e c t i o n a l  p a t t e r n s  of s p in e s  a r e  b a s e d  in p a r t  on  f ig u r e s  in  l i e s s e  (1901).
CCHIMODERMS-ECM1H01DS
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Plate 58
E chi no id T esta  and Fragm ents
I . L o n g itu d in a l  s e c t i o n  th ro u g h  a c o m p le te  s p e c i m e n  of C a e n h o le c ty p u a  
s h o w in g  s h a p e  of in d iv id u a ls  and a m b u la e r a l  p o r e s  ( le f t  p a r t  of th e  s p e c im e n )  
w i th in  th e  s h e l l  w a l l .
C a e n h o le c ty p u s  s p .
T h in  S e c t io n
C r o s s  P o l a r i s e d  Light
C r e t a c e o u s ,  T e x a s  
E c - 7 - K T x  
X 3
2. S e c t io n  th ro u g h  S a le n ia  sh o w in g  r e l a t i v e ly  th ic k  p la t e s  and un it  
e x t in c t io n  of the  p l a t e s  w ith in  th e  s h e l l  w a il .
S a le n ia  s p .  C r e t a c e o u s ,  T e x a s
T h in  S e c t io n  Kc - h- K T x
C r o s s  P o la r i z e d  l i g h t  X 2
3. - 4 .  R an d o m  ro c k  s e c t io n  sh o w in g  a f o s s i l  c c h in o td  p la te  in o r d in a r y  
ligh t and b e tw e e n  c r o s s e d  n ic o ls .
T h in  S ec t io n
3. O r d in a r y  Light
4 .  C r o s s  P o l a r i z e d  Light






1. - 4. T r a n s v e r s e  s e c t i o n  th ro u g h  p r i m a r y  s p in e s  o f  s e v e r a l  g e n e r a  
i l l u s t r a t i n g  v a r i e ty  o f  p a t t e r n s  p roducer!  by th e  d i s t r i b u t i o n  o f  c a l c i t e .
1. M e l l i l a ?  s p .
T h in  S e c t io n
P la n e  P o l a r i z e d  Light
2 . D ia d e m  a s p .
T h in  S ec t io n
P la n e  P o la r i z e d  U g h t
3 . CI da  r  o ld  e c h in o id  
T h in  S e c t io n  
O r d in a r y  Light
I h t l e o c id a r i s  s p .
T h in  S e c t io n
P la n e  P o la r i z e d  U g h t
R e c e n t ,  T e x a s  
E c - 15 -Q T x  
X :ts
H e c e n t ,  F lo r id a  
E e~ 16-Q F 1a  
X 32
R e c e n t ,  F lo r id a  
K e- I 2 -Q F la  
X I t
IV r in s y lv a m a n ,  T e x a s  





E chi no id Spine and Ophiurold Fragments
1 . - 2 .  T r a n s v e r s e  s e c t i o n  th ro u g h  a p r i m a r y  s p in e  of K c h ln o m e t r a  s p .  
I l l u s t r a t i n g  th e  i n t r i c a t e  p a t t e r n  p ro d u c e d  by th e  d i s t r i b u t i o n  of o r g a n ic  
m a t e r i a l  (d a rk )  and c a l c i t e  ( l ig h t) .
E c h l n o m e t r a  s p .  R e c e n t ,  F lo r id a
T h in  S e c t io n  1. K c - l  t - Q F l a
2. K c - 9 a - Q F l a
P la n e  P o la r i z e d  Light 1. X 25
2 .  X 50
3. - 4. S ec t io n  of a lew ra n d o m ly  o r i e n t e d  s k e l e t a l  f r a g m e n t s  o f  a m o d e rn  
b r i t t l e  s t a r  s h o w in g  a v a r i e t y  of s h a p e s  (3) anti s k e le t a l  a r c h i t e c t u r e  
p r o d u c e d  by fu s io n  of t r i r a d i a t o  c a l c i t e  p a r t i c l e s  (4).
T h in  S e c t io n
P la n e  P o la r i z e d  U g h t :i.
4 .




P la t e  61 
M o llu sk a  -  B iv a lv e*
H y p o th e t ic a l  fo s a l l  b i v a l v e s ,  s h o w in g  Home m o r p h o lo g ic  f e a t u r e s  and 
s h e l l  m i c r o s t r u c t u r e s .  (a) A n t e r i o r - l a t e r a l  c u ta w a y  v iew  sh o w in g  two 
jo in e d  v a lv e s  in  r a d i a l  s e c t i o n ,  (b) I n t e r i o r  o f  th e  le f t  v a lv e  o f  a 
d i m y a r l a n  b iv a lv e ,  (c) I n t e r i o r  of the  le f t  v a lv e  o f  a m o n o m y a r i a n  
b iv a lv e .  (d -g )  R ig h t l a t e r a l  v ie w s  of b i v a l v e s , i l l u s t r a t i n g  v a r io u s  
g ro w th  f o r m s .  (h) S k e tc h  s h o w in g  r e f e r e n c e  p la n e s  o f  o r i e n t e d  th in  
s e c t i o n s .  F ig u r e  (hi m o d if ie d  a f t e r  F ig u r e  17 In D e c h a s e a u x  (1952). 
A r r o w s  po in t to w a rd  a n t e r i o r .
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Plate 62
Shell Lavera in Bivalves
1) C u taw ay  view  sh o w in g  th e  p o s t e r i o r  h a lf  of th e  r ig h t  v a lve  of Unto s p . ,
a p p r o x im a te ly  n a tu ra l  s i z e .  F ig u r e  I l l u s t r a t e s  th e  s h e l l  l a y e r s  and
te rm in o lo g y  u s e d  by O b e r l in g  (1955b, p p .  1 2 8 -1 2 9 ,  F ig u re  1; 1964.
F ig u r e  1. C .  D); EN * e n d o s t r a c u m . PM -  p a l l ia !  m y o s t r a c u m ,
M E * r o e s o s t r a c u m ,  EC ^ e c t o e t r a c u m , and  PE  “ p e r i o s t r a c u m .
Unlo ta a  s e e m in g ly  " t w o - l a y e r e d ” s h e l l  w ith  a  we 11- d i f f e r e n t i a t e d  
e c t c a t r a c u m  c o m p o se d  of c o m p le x  a r a g o n i t e  p r i s m s .  T h e  p a l l ia l  
m y o s t r a c u m  is a th in  l a y e r  o f  p r i s m a t i c  a r a g o n i t e  th a t  is  b a r e l y  
v i s ib l e  in  r a d i a l  s e c t i o n s .  T h e  m c s o a t r  a eu m  and e n d o s t r a c u m  a r e  
b o th  n a c r e o u s ,  and ,  a l th o u g h  th e  o r i e n t a t i o n  of th e  l a m in a e  is d i f f e r e n t  
in e a c h  l a y e r ,  they  a p p e a r  as  a s in g le  ( m e s e n d o s t r a c u m j  l a y e r .
2i (lad is  1 (a) and  t r a n s v e r s e  (bi s e c t io n s  th ro u g h  a d im y a r i a n  p e l  coy  p o d ,
i l l u s t r a t i n g  the  r e l a t io n s h ip  of th e  d i f f e r e n t  l a y e r s  and te rm in o lo g y  
u s e d  by O b e r l in g  (1955a, 1955b; 19641, R ad ia l  s e c t io n  p a s s e s  th ro u g h  
th e  b e a k ,  a p p r o x im a te ly  at th e  m id l in e  of the s h e l l .  T r a n s v e r s e  s e c t io n  
p a s s e s  th ro u g h  th e  a d d u c to r  m u s c l e  s c a r s .  PE =» p e r i o s t r a c u m ,  ME 
m e s e c t o e t r a c u m ,  EN - e n d o s t r a c u m ,  PM * p a l l ia l  m y o s t r a c u m  ( fo rm ed  
only  a long  p a l l i a l  l in e ) ,  and  AM a d d u c to r  m y o s t r a c u m  ( fo rm e d  only  in 
a r e a s  o n c e  c o v e re d  by a d d u c to r  m u s c l e s .  F ig u r e s  a r e  b a s e d  on o b s e r ­
v a t io n s  of A re a  sp p .  , s e e m in g ly  '* tw o - la y e re d "  s h e l l s  in w h ich  the  o u te r  
two m a jo r  l a y e r s  ( m e s e c t o a t r a e u m > a r e  s t r u c t u r a l l y  a l ik e .  R ad ia l  s e c t io n s  
th ro u g h  th e  s h e l l  in th e  p la n e s  of X o r  Y would show  th r e e  a r a g o n i te  
l a y e r s — an u p p e r  c r o s s e d - l a m  cl l a r  l a y e r ,  a th ic k  m id d le  p r i s m a t i c  l a y e r ,  
and a th in  com p lex  c r o s s e d - l a m e l l a r  l a y e r .  O th e r  r a d ia l  s e c t io n s  b e tw e e n  
th e  a d d u c to r  m u s c le *  would p ro d u c e  a s e e m in g ly  ’* tw o - la y e re d "  s h e l l — 
an  u p p e r  c r o s s e d - l a m e l l a r  l a y e r  and a lo w er  c o m p le x  c r o s s e d - l a m e l l a r  
l a y e r .  A p p ro x im a te ly  tw ic e  n a tu ra l  s i z e .
n * R ad ia l  (a? and  t r a n s v e r s e  (b) s e c t i o n s  th ro u g h  a m o n o m y a r ia n  p e le c y p o d ,  
i l lu s t r a t in g  th e  d i f f e re n t  l a y e r s .  R ad ia l s e c t i o n  p a s s e *  th ro u g h  the  beak  
a long  the  m id l in e  of th e  s h e l l ,  and t r a n s v e r s e  s e c t i o n  p a s s e s  th ro u g h  the  
m u s c l e  t r a c k ,  a p p ro x im a te ly  a t  th e  p o s i t io n  of T ,  T e rm in o lo g y  is  as  
d e s c r ib e d  fo r  F ig u re  2. F ig u r e  is b a s e d  on o b s e r v a t io n s  of the  la rg e  
v a lv e  of " P e c t c n " s p p .  f ro m  the  R e c e n t .  T h e  m e s  e c t o e t r a c u m  and 
e n d o s t r a c u m  a r e  c o m p o se d  of fo l ia te d  c a lc  t i e . T h e  p a l l ia !  m y o s t r a c u m  
is c o m p o se d  of c r o s s e d - l a m e l l a r  a r a g o n i t e ,  and  the  a d d u c to r  m y o s t r a c u m  
is a l so  a r a g o n i t e  w ith p r i s m a t i c  m i c r o s t r u c t u r e .  A r a d ia l  s e c t io n  in  the 
p la n e  of X would p ro d u c e  a  s e e m in g ly  " o n e - l a y e r e d "  s h e l l  c o n s is t in g  of 
fo l ia te d  c a i c i t e  a r a d ia l  s e c t i o n  in  th e  p la n e  of Y would p ro d u c e  a 
s e e m in g ly  " t h r e e - l a y e r e d "  s h e l l — the  m a jo r  l a y e r s  of fo l ia ted  c a i c i t e  
and  a m id d le  c r o s s e d - l a m e l l a r  a r a g o n i te  l a y e r .  A s e c t i o n  in th e  p la n e
of  7. w ou ld  show  fo u r  c a r b o n a te  l a y e r s  - m a j o r  l a y e r s  of f o l i a te d  c a i c i t e  
a n d  tw o m i n o r  l a y e r s  o f  c r o s s e d - l a m e l l a r  and p r i s m a t i c  a r a g o n i t e .  









P la te  63
O r ie n te d  and  R an d o m  S e c t io n s  o f  B iv a lv e s
1. L o n g i tu d in a l  s e c t i o n  th ro u g h  a r e c r y s U t i l i z e d  s h e l l  in th e  p la n e  of the 
v a lv e ,  A ~ a n t e r i o r ,  P  -  p o s t e r i o r ,  p  ■ d o r s a l ,  ami V - v e n t r a l .  T h e  long 
a r r o w  In th i s  and  fo llow ing  f ig u r e s  is  d i r e c t e d  to w a rd  th e  v e n t r a l  m a r g i n .
T h in  S ec t io n
C r o s s  P o la r i z e d  Light X -i
2 .  R ad ia l  s e c t i o n  th ro u g h  Joined v a lv e s  of th e  e-qutvalved p e l e c y p o d ,
Donax v a r i a b i l i t y  T h e  f ig u re  sh o w s  h in g e  and  s im p l e  un ion  o f  th e  v a lv e s  
a lo n g  th e  v e n t r a l  m a r g i n .
D onax v a r i a b i l i s  [D o n a c id a e l  R e c e n t ,  T e x a s
Thin S e c t io n  P e - l - Q T x
C r o s s  P o la r i z e d  t i g h t  X n
3. R a d ia l  s e c t i o n  throvigh th e  b eak  (B) ami h in g e  i l l i  of an  a b r a d e d  v a lv e  
of H a n g la .
K an g ia  s p .  ( M a c t r id a e )  R e c e n t ,  T e x a s
T h in  S e c t i o n  P e -2 3 -Q T h
C r o s s  P o la r i z e d  Light X 4
4, R a n d o m ly  o r i e n t e d ,  i s o la te d  v a lv e s  of D o n a x . T he  tw o l a r g e  f r a g m e n t s  
a r c  r a d ia l  s e c t i o n s :  the  two s m a l l e r ,  s t r o n g ly  c u rv e d  f r a g m e n t s  a r e
t a n g e n t ia l  cu t#  n e a r  th e  m a r g i n s  of th e  s h e l l .
D onax  s p .  [D o n ac id ae ]
T h in  S e c t io n
C r o s s  P o l a r i s e d  U g h t
R e c e n t ,  T e x a s  




P i s t e  84
Recrystalli/.eci B iv a lv e  and Algal Plate
1. R an d o m ly  o r i e n t e d  r e c r y a t a l l i i t e d  m o l lu s k  f r a g m e n t*  in a l im e  m ud m a t r i x  
i l l u s t r a t i n g  th e  c o m m o n  type  of p r e s e r v a t i o n  of o r ig i n a l l y  a r a g o n l t i c  s h e l l s .
C r e t a c e o u s ,  T e x a s  
T h in  S e c t io n  P e -8 7 -K T x
O r d in a r y  Light X 8 .5
2, F o s s i l t f e r o u s  l im e s to n e  c o m p o s e d  of r a n d o m ly  o r i e n t e d  b iv a lv e  s h e l l s  
w h ich  a r e  r e e r v s t a l l i E e d  to  a  m o s a i c  of s p a r r v  c a l c i t e .  T h e  m a t r ix  is a l s o  
p a r t i a l l y  r e e r y s i a t l i / . e d ,  bu t the  s h a p e s  of th e  s h e l l s  a r e  d i s c e r n i b l e  b e c a u s e  
of a f ine  c o a t in g  of l im e  m ud .
P e r m  tan ,  T e x a s
T h in  S e c t io n  P e - 8 8 - P m T x
O r d in a r y  L ight X 16
3. F r a g m e n t  of an a lg a l  p la te  r e c r y s t a l ! i z e d  to  a m o s a i c  o f  S p a r r y  c a l c i t e .  
M a tr ix -f l l lc x i  c e l l s ,  ( a r r o w s  i a long  the  m a r g i n s  of the  p la te s  d i s t i n g u i s h  th e s e  
a lg a l  f r a g m e n t s  f ro m  f r a g m e n t s  of rec ryn ita l l ixec l m o l lu s k  s h e l l s ,
Ivanov la  »p. 
T h in  S e c t io n  
O r d i n a r y  Light
P e n n s y lv a n ia n ,  New M ex ico  





R elict Structure* in Rudist B iva lves
1 . - 2 .  A p p r o x im a te ly  t r a n s v e r s e  s e c t i o n  th ro u g h  a m o nop leu  r i d  (Mi and a  
to u c a s t a id  (T) r u d i s t .  B o th  s h e l l s  a r e  r e c r y s t a l l i z e d  b u t  th e  to u c a n  la id  r e t a i n s  
t r a c e s  o f  f ine  t r a n s v e r s e  l a m in a e .
M orx»pleurld  r u d i s t  { M o n o p leu r id a eJ  C r e t a c e o u s ,  T e x a s
T o u c a s t a id  r u d i s t  { B ic e r a t id a e l
T h in  S e c t io n  P e -1 7 -K T x
C r o s s  P a l a r t x e d  l i g h t  1. X 2
2. X 16
3 . T r a n s v e r s e  s e c t i o n  th ro u g h  a b r o k e n  s h e l l  of a  c a p r i n id  r u d i s t  sh o w in g
c a n a l s  (C) w ith in  the  s h e l l  w a ll  and  c h a m b e r s  (C h ) o n c e  o c c u p ie d  by so f t  p a r t s .
I C a p r in id a e j  C r e t a c e o u s ,  T e x a s
T h in  S e c t io n  P e -5 8 -K T x
C r o s s  P o la r i z e d  Light X 2
4. S e c t io n  th ro u g h  p a r t  o f  the  w all of a n o th e r  c a p r i n id  r u d i s t  in w hich  the  
c a n a l s  <C) a r e  f i l led  w ith  l im e  mud and  a p p e a r  as  l a r g e  p e l l e t s  w hen  cut 
t r a n s v e r s e l y .
(C a p r in id a e J
T h in  S e c t io n  
O r d in a r y  L igh t
C r e t a c e o u s ,  O k la h o m a  





H o m o g e n e o u s  and  N o rm a l  P r i s m a t i c  M l e r e s t r u c t u r e s  in B iv a lv e s
1 . - 2 ,  R a d ia l  s e c t i o n  th ro u g h  a  m y t i l id  b iv a lv e  s h o w in g  h o m o g e n e o u s  p r i s m a t i c  
m i c r o s t r u c t u r e  in th e  u p p e r  a r a g o n i i i c  p a r t  of th e  s h e l l .
:t. - A. R a d ia l  |3 i  and ta n g e n t ia l  (4) s e c t i o n s  th ro u g h  the  s h e l l  of I h n n a , 
i l l u s t r a t i n g  n o r m a l  p r i s m a t i c  m i c r o s t r u c t u r e  of th e  o u te r  s h e l l  l a y e r .  L iv ing  
P in n a  h a v e  s e e m in g ly  ’t w a - l a v e r e d "  s h e l l s - - a n  o u t e r  ( e c t o s l r a r u m ) p r i s m a t i c  
e a l c i t e  l a y e r  and an in n e r  i m o a e n d o s t r a c u m ) l a y e r  c o m p o s e d  of n a c r e .  In m o s t  
f o s s i l  P in n a ,  th e  a r a g o n i t e  is r e e r y s t a l l t z e d  o r  is r e m o v e d  by s o lu t io n  (as  in th is  
s p e c im e n ) ,  le a v in g  only  a th in ,  " o n c - l a v e r e d "  s h e l l  c o m p o s e d  of c a lo t t e  p r i s m s .
B ra c h y d o n te a  a p .  IM y ti l id ae )  
T h in  S ec t io n
1. P la n e  P o la r i z e d  Light
2. C r o s s  P o la r i z e d  U g h t
R e c e n t ,  T e x a s
X 12f>
P e - 4 7 - Q T x
P in n a  s p .  [ Ih n n id a e J  
P ee l
P la n e  P o la r i z e d  Light
C r e t a c e o u s ,  T e x a s  





Norm al P r ism a tic  and Com plex P r ism a tic  M ierostru ctu res in B ivalves
1. R a d ia l  s e c t i o n  th ro u g h  th e  u p p e r  v a lv e  of an  o y s t e r ,  T h e  f ig u r e  I l l u s t r a t e s  
p r i s m a t i c  (P )  and  fo l ia te d  {F> m i c r o s t r u e t u r e  on  f r i l l s  of the  s m a l l  ( r ig h t )  v a lv e .  
T h e  c a l c i t e  p r i s m s  f o r m  a n  o u t e r  l a y e r  on ly  on th e  r i g h t  v a lv e  of m o a t  s p e c i e s
of the  O s t r e i d a e .  P la t e  70, F ig u r e  2 sh o w s  th e  w ho le  s p e c i m e n  in  r a d i a l  s e c t i o n .
T e x ig r y p h a e a  s p .  ( tM tr e id a e )  C r e t a c e o u s ,  T e x a s
P e e l  P e -2 4 -K T x
P la n e  P o la r i z e d  l i g h t  X 125
2. F r a g m e n t  o f  an  u n id e n t i f ie d  ' ,f r i ^ e d ,, b iv a lv e .  Note o r i e n t a t i o n  o f  s m a l l  
n o r m a l  c a l c i t e  p r i s m s  p e r p e n d i c u l a r  to  s u r f a c e  of f r i l l s .  C o m p a r e  w ith  n e a r ly  
h o r iz o n ta l  f i b e r l i k e  p r i s m s  in the  in n e r  c a r b o n a te  l a y e r  o f  b r a e h i o p o d s .
[P la te  28, F ig u r e s  2 and 5. \
:t. P r i s m a t i c  m i c r o s t r u e t u r e  in the  h inge  a r e a  of th e  r ig h t  v a lv e  of M y a l ln a . 
T h e  p r i s m s  a r e  in c o n s p ic u o u s  and lo c a l iz e d  in the  a r e a  of the  l ig a m e n t ;  the 
m a j o r  p o r t i o n  of the  m y a i in id  s h e l l  U r e c r y s t a l l i z e d .
I V r m i a n , T e x a s
Thin S e c t io n IX1 - 8 9 -  IhnT x
C r o s s  p o l a r i z e d  l i g h t X if.
M y a lin a  s p .  {M yidao?)  
1*©© I
Plane Polarized light
P e r m i a n ,  T e x a s
I V - 1 0 -  P m T x
X 125
4. R a d ia l  s e c t i o n  th ro u g h  p a r t  of th e  r i g h t  v a lv e  o f  U n io , s h o w in g  c o m p le x  
p r i s m a  (C P ) in  th e  o u te r  ( e c t o s t r a c u m )  l a y e r  and  n a c r e  (N) in  th e  in n e r  
( m e s e n d o a t r a c u m ) l a y e r .
Unio a p .  lU n io n id a e j  R e c e n t
P e e l  Pe-5Q ~Q X




Normal P r ism a tic  M icrostru ctu re  in a Radiol UJd Rudist
1. T r a n s v e r s e  s e c t i o n  th ro u g h  th e  l a r g e  c o n ic a l  lo w e r  v a lv e  of a r a d io l i t k i  
r u d i s t  sh o w in g  c a l c l t i c ,  c e l l u l a r  p r i s m a t i c  o u t e r  l a y e r  (ME m e s e c t o s t r a c u m  ?) 
and  r e c r v s t a l l i s e d  in n e r  l a y e r  <EN •' e n d o s t r a c u m  ?),
(R a d io l i t id a e )  C r e t a c e o u s , O k la h o m a
T h in  S e c t io n  P e -1 8 a -K O k
C r o s s  P o l a r i s e d  U g h t  X 2
2. P a r t  of the  o u t e r  c e l l u l a r  p r i s m a t i c  l a y e r  sh o w n  in F ig u re  1. T h e  " c e l l s "  
w e r e  void s p a c e s  in the  s h e l l  w all a t o n e  t i m e  and  a r e  now fillet! w ith  s p a r r y  
c a t  c i t e .  C e l l s  a r e  f o r m e d  by i n t e r s e c t i o n  of th in  p r i s m a t i c  l a y e r s  <C and  R>.
T h e  C l a y e r s  a r e  o r i e n t e d  ta n g e n l ia l iv  (a lm o s t  c o n c e n t r i c a l ly )  U) th e  in n e r  
l a y e r  of th e  s h e l l .  T he  R l a y e r s  a r e  a p p r o x im a te ly  p e r p e n d i c u l a r  to  C and 
r a d i a t e  o u tw a rd  f r o m  the  v e r t i c a l  a x i s  of the  c o n e - s h a p e d  s h e l l .  T he  ind iv idua l  
p r i s m s  a r e  o r i e n t e d  in th e  s a m e  d i r e c t i o n  in bo th  l a y e r » - - n o r m a l  to  th e  C l a y e r s  
and  in th e  p la n e  of th e  R l a v e r s .  A p o r t i o n  of th e  r e c r y a l a l l l a e d  in n e r  l a y e r  of 
th e  s h e l l  (EN  e n d o s t r a c u m  i is  s how n in I he lo w e r  p a r t  of the  p h o to g r a p h .
| H ad io lf t id ae )
T h in  S e c t io n
C r o s s  lA d a r iz e d  Eight
C re ta c e o u s ,  O klahom a 




C om posite P r ism a tic  M icrostru ctu re  in B iva lves
1 . - 4 ,  A r a g o n i t i c  c o m p o s i te  p r i s m a t i c  m i c r o s t r u c t u r e  (C P ) in  th e  o u te r  
( e c l o s t r a c u m ) l a y e r  of D o n a x . T h e  m i c r o s t r u c t u r e  is sh o w n  in r a d i a l  (1), 
t r a n s v e r s e  o b l iq u e  (2), t r a n s v e r s e  (3) and  ta n g e n t ia l  s e c t i o n s  o f  the  s h e l l .  
W hen p r e s e n t  in a b iv a lv e  s h e l l ,  c o m p o s i t e  p r i s m s  a lw a y s  o c c u r  in the  
e c o e t r a c u m ;  they  a r e  a lw a y s  h o r i z o n t a l l y  o r i e n t e d ,  w ith  t h e i r  long  a x e s  
in a r a d i a l  d i r e c t i o n  ( f ro m  th e  b e a k  to  the  v e n t r a l  m a r g i n ) ,  and  fo rm  only  
o n e  l a y e r .  In r a d ia l  s e c t i o n  U ), the* c u r v e d  l in e s  r e f l e c t  f o r m e r  p o s i t io n s  
of the  v e n t r a l  m a r g i n ;  the* convex  s id e  is a lw a y s  d i r e c t e d  to w a rd  the  p r e s e n t  
m a r g i n .  T r a n s v e r s e  s e c t i o n  (3> c u ts  tw o c o m p o s i t e  p r i s m a  p e r p e n d i c u l a r  to  
t h e i r  long a x e s .  T a n g e n t ia l  s e c t i o n  i f i  sh o w s  a h o r iz o n ta l  view of t h r e e  
c o m p o s i t e  p r i s m s  n e a r  th e  v e n t r a l  m a r g i n .  A r r o w s  a r c  d i r e c t e d  to w a rd  
the  v e n t r a l  m a r g i n ,
Donax s p ,  jD onae idae}  R e c e n t ,  T e x a s
1 ,, 3 . ,  and  4. T h in  S e c t io n  P e - l - Q T x
P e e l  P e - l - Q T x
P la n e  f \ i l a r i  r e d  l i g h t  X 125

Plat* 70
Foliated M ierostru etu re in B iva lves
1. R ad ia l  s e c t i o n  th ro u g h  b o th  v a lv e s  o f  an  inerqu ivalved , m o n o m y a r ia n  
b iv a lv e ,  A i l e r n a t in g  l igh t and  d a r k  b a n d s  a r e  c a u s e d  by  d i f f e r e n c e  in 
o r i e n t a t i o n  o f  fo l ia e .  A r r o w  p o in ts  to w a rd  v e n t r a l  m a r g i n .
2. R a d ia l  s e c t i o n  th r o u g h  jo in e d  va lv e*  of T c x i g r y p h a e a . F r i l l s  (F )  a r e  
found of c o n c e n t r i c  g ro w th  l a m e l l a e  and  a r e  p r e s e n t  o n ly  on the  s m a l l  r ig h t  
v a lv e  of t h i s  s p e c im e n .  M ag n if ied  view of the  f r i l l s ,  s h o w in g  p r i s m a t i c  
and  fo l ia te d  m i c r e s t r u c t u r e  is sh o w n  in  P la te  67 , F ig u r e  1. A r ro w  p o in ts  
to w a r d  v e n t r a l  m a r g i n .
C e r a t o a t r e o n  te x a n u m  (O s t r e id a e J
T h in  S e c t io n
C r o s s  P o l a r i r e d  l i g h t
C r e t a c e o u s ,  T e x a s
X 2
P e - J  2 -K T x
T e x ig r y p h a c a  s p .  |C*»treidae}
T h in  S e c t io n
C rew s  P o la r i z e d  l i g h t
C r e t a c e o u s , T  ex as  
P e - 2 4 - K T x  
X 4

H ate  71
V ariations of Foliated M icrostru ctu re  in B iva lves
1. O u te r m o s t  p a r t  of th e  s h e l l  o f  a C e r a t o s t r e o n .  T he p h o to g ra p h  s h o w s  
s t e e p l y  in c l in e d  b u n d le s  of c a l c l t e  l a m e l l a e  n e a r  th e  e x t e r i o r  of th e  s h e l l  
a c h a r a c t e r i s t i c  of fo l ia te d  s h e l l s  in th e  O s t r e i d a c  and s o m e  P c c t in td a e .
2. R a d ia l  s e c t i o n  th ro u g h  th e  u m b o n a l  p o r t i o n  of th e  le f t  v a lv e  o f  Q s t r o a .
T he  f ig u re  sh o w s  a l t e r n a t i n g  l a y e r s  of c o m p a c t ,  h o r i z o n t a l  fo l ia e  and 
p o r o u s ,  "cha lkv" ' v e r t i c a l  f o l i a e .  T h e  " c h a lk y ’* d e p o s i t s  a r e  c o m m o n  in
th e  O s t r c i d a e .  K o r r in g a  (1951, pp . 1 4 7 -1 5 3 )  r e f e r s  to  th e  " c h a lk y "  d e p o s i t s  
a s  a " c h e a p  p a d d in g "  p ro d u c e d  lo c a l ly  in  the  s h e l l  w h ich  r a p id ly  f i l le d  a  void 
c a u s e d  by i n c r e a s e d  c u r v a t u r e  irupp ir tg )  of the  v a lv e .
O s t r e a  p l i c a ta  iO s t r e i d a e j  K o e c n e ,  Kngland
P e e l  IV -3 3  -T X
P la n e  P o la r i z e d  I j g h t  X 31
3. R ad ia l  s e c t i o n  th ro u g h  th e  u robonal p o r t io n  of the  le f t  v a lv e  of 
T e x i g r y p h a e a . T h e  f ig u re  show's s e v e r a l  l e n s - s h a p e d  v e s i c u l a r  l a y e r s  
( s m a l l  a r r o w )  jn the  u p p e r  r ig h t  of th e  p h o to g ra p h  and  v e r y  i r r e g u l a r ,  
r a n d o m ly  o r i e n t e d  b u n d le s  of c a l o t t e  l a m e l l a e  b e lo w . Long a r ro w  p o in ts
C e r a t o s t r e o n  s p .  lO a t re id a e J  
P e c  I
P la n e  P o la r i z e d  Light
C r e t a c e o u s
Q Z -9  
X 50
to w a r d  v e n t r a l  m a r g i n .
T e x i g r y p h a e a  s p .  [O s t r e id a e J
T h in  S ec t io n
C r o s s  P o la r i z e d  Light
C r e t a c e o u s ,  O k la h o m a  




V ariations of Foliated M icrostru ctu re  In B ivalves
1. P o r t io n  o f  th e  le f t  v a lv e  o f  P y c n o d o n te  v e s i c u l a r  i s . T h e  f ig u r e  sh o w s  
a l t e r n a t i n g  l a y e r s  o f  h o r i z o n t a l l y  fo l i a te d  and  v e s i c u l a r ,  fo l ia te d  l a y e r s .  
W h ite  a r e a s  In p h o to g ra p h  a r e  void  s p a c e s .
2,  R a d ia l  s e c t i o n  th r o u g h  the  u m b o n a l  p o r t i o n  of th e  le ft  v a lv e  of O w t r e a . 
T h e  f ig u re  s h o w s  a  lo o se ly  f a b r i c a t e d  l a t t i c e w o r k  o f  fo l ia te d  l a y e r s  
f o r m in g  ' ‘c h a m b e r s " in  the  s h e l l .  D a rk  a r e a s  a r e  void  s p a c e s .  C h a m b e r s  
m a y  o c c u r  in d i f f e r e n t  p a r t s  of th e  a he  11 but c o m m o n ly  o ccu p y  a p o s i t io n  
n e a r  the u m b o .  A r ro w  is d i r e c t e d  to w a rd  v e n t r a l  m a r g i n .
O s t r e a  s p .  ( O s t r e id a e )  C r e t a c e o u s ,  T ex a s
T h in  S e c t io n  P e - H - K T x
C r o s s  P o la r i z e d  t i g h t  X s
3. R a d ia l  s e c t i o n  th ro u g h  th e  le ft  v a lv e  of G y r o s t r e a , s h o w in g  d e n s e ly  
fo l ia te d  l a y e r s  and c h a m b e r s  f i l le d  with  s p a r r y  e a J e i tc ,
P y c n o d o n te  v c s i c u l a r i s  ( O s t r e id a e j  
P e e l
P la n e  P o la r i z e d  l i g h t X 31
C r e t a c e o u s , G e r m a n y
P e-38~ K X
G y r o a t r e a  s p .  ( O a t r c f d a e |
T h in  S e c t io n
P la n e  P o la r i z e d  l i g h t
C r o i a c o o u a , M ex ico  





C a lc ltic  C r o sse d -la m e lla r  M icro*tructure in B iva lves
1, R a d ia l  s e c t i o n  th r o u g h  Jo ined  v a lv e s  o f  G ry p h a e a  a r c u a t a . T h e  s p e c im e n  
i l l u s t r a t e s  th e  c o m m o n  ty p e  of s h e l l  l a y e r in g  in  th e  O e t r e i d a e . T h e  o u t e r  
p a r t  o f  th e  l a r g e  left v a lv e  (ME ~ m e s e c t o s t r a e u m ) c o n s i s t s  o f  c r o s s e d -  
l a m e l t a r  c a l c i t e  g r a d in g  l a t e r a l l y  and in w a rd  to  fo l ia te d  c a l c i t e .  T h e  in n e r  
p a r t  (EN  * e n d o e t r  a r u m I  c o n s i s t s  e n t i r e l y  of fo l ia te d  c a l c i t e .  T h e  t r a c e  of 
th e  a d d u c to r  m u s c l e  t r a c k  (MY m y o a l r a c u m )  is  o c c u p ie d  by  a m o s a i c  of 
i r r e g u l a r l y  ( t r a in e d  c a l c i t e ,  w h ich  s u g g e s t s  th e  f o r m e r  p r e s e n c e  o f  a r a g o n i t e .  
T h e  s m a l l  r ig h t  v a lv e  sh o w s  u n d i f f e r e n t i a t e d ,  fo l ia te d  c a l c i t e .
G ry p h a e a  a r c u a t a  ( O s t r e id a e l  J u r a s s i c ,  E ng land
T h in  S e c t io n  P e - 3 7 - J X
C r o s s  P o l a r i s e d  l i g h t  X 2
2.  M a g n if ied  v iew  o f  the  e x t e r i o r  of th e  left v a lv e  o f  th e  s p e c im e n  show n 
in  F ig u r e  1. T he c r o sse d - l a m e l l a r  a r r a n g e m e n t  o f  the  c a l c i t e  is  s i m i l a r  
to c r o s a c d - l a m e l l a r  a r a g o n i t e  bu t not a s  w e l l -  o r  u n i fo rm  I v -d e v  e lo p e d .
G ry p h a e a  a r c u a t a  ( IM tre id a e j  J u r a a s i c ,  E n g lan d
P ee l  P e - 3 7 - J X
P la n e  P o la r i z e d  l i g h t  X 50
3 . R an d o m  s e c t i o n  sh o w in g  c a i c i t i c  c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  in A u c e l l a .
A u c e l la  s p .  C r e t a c e o u s ,  C a l i fo rn ia
P e e l  P c -6 * t-K C ai




Foliated M icrostructure and S h e ll-la v er in g  in Pectinid B ivalves
1. R ad ia l  s e c t i o n  th ro u g h  p a r t  of th e  le ft v a lv e  of a f o s s i l  p e c te n ,  sh o w in g  a 
o n e - l a y e r e d  s h e l l  c o m p o s e d  of i r r e g u l a r l y  fo l ia te d  e a l c i l e  o r i e n t e d  in d i f f e r e n t  
d i r e c t io n s  to  p ro d u c e  a z ig - z a g  p a t t e r n .  A r ro w  p o in ts  vent r a l l y .
" P e c t e n " s p ,  1 P ee t in id ae J  C r e t a c e o u s ,  T e x a s
P ee l  P e -1 6 -K T x
P lan e  P o la r i z e d  l i g h t  X 125
2. T r a n s v e r s e  s e c t i o n  th ro u g h  a fo s s i l  p e c te n ,  show ing  h o r iz o n ta l  fo lia  in 
the  i n t e r s p a c e s  betw 'ecn r ib a  of the  s h e l l  and v e r t i c a l ly  o r ie n t e d  fo lia  b e n e a th  
the  r ib  a r e a .
P e c te n  s p .  [ P e e t in u la o |  C r e t a c e o u s ,  T e x a s
P ee l  P v -4 0 -K T x
P la n e  th d a r i z e d  Light X .12
3. R a d ia l  s e c t i o n  th ro u g h  a p e c t in id  i l l u s t r a t i n g  the  s h e l l - l a y e r i n g  
c h a r a c t e r i s t i c  o f  s o m e  m o n m y a r ia n  b iv a lv e s .  ME m e s e e t o s t r a e u m , 
MY m yos trac-A , EN c n d o s t r a e u m  . T h e  m a jo r  l a y e r s  of th is  s h e l l  a r e  
c o m p o se d  of v e ry  r e g u la r ly  fo l ia te d  c a l c i t e .  T h e  m y o s t r a c a l  l a y e r s  a r e  
c o m p o s e d  of e r o s s e d - l a m e l l a r  a r a g o n i t e  anti p r i s m a t i c  a r a g o n i t e .  T he  
fo lia ted  m i c r o s t r u c t u r e ,  a r r a n g e m e n t  of the l a y e r s ,  and p r e s e n c e  of 
both  c a l c i t e  and a r a g o n i t e  in the  s h e l l  s u g g e s t  a m o n n m y a r  ian  pe lecyporl.
T h e  a U e ,  t h i c k n e s s ,  and  s h a p e  o f  th e  s h e l l  s u g g e s t  o n e  o f  the  P e c t in id a e .  
C lu s t e r s  o f  p r i s m s  and f r a g m e n t s  of n a c r e  a r e  f ro m  In o c e ra m v m ,
" P e c t e n ’' s p ,  ( P e c t ln id a e l  
T h in  S e c t io n  
O rd in a r y  U g h t
C r e t a c e o u s ,  South  D akota 





Foliated and C r o ssed -la m e lia r  M icrostru ctu res and S h e ll-la y er in g  tn B iva lves
1. S ec t io n  th ro u g h  th e  a n t e r i o r  of P e c t e n , sh o w in g  in te r to n g u in g  r e l a t i o n s h i p  
o f  th e  fo l ia te d  m e s e c t o s t r a c u m  (M E) and  r e c r y s t a i l i r c d  e n d o s t r a c u m  (E K |.
P e c te n  tc txanus |P c c t in id a e J  C r e t a c e o u s ,  T e x a s
T h in  S e c t io n  5068 P
P la n e  P o la r !  t e d  L ight X 31
2. R ad ia l  s e c t i o n  th ro u g h  p a r t  of th e  le ft  v a lv e  of a m o d e rn  IV c te n  w ith in  
th e  r e g io n  bou n d ed  by  the  p a l l t a l  l in e ,  T h e  f ig u r e  s h o w s  fo u r  s t r u c t u r a l  
l a y e r s ,  A fo l ia te d  e a l c i t c  m e s e c t o s t r a c u m  (M E), a r a g o n i t e  m y o s t r a c *  (MY) 
c o n s i s t i n g  of a e r o s s e d - l a m e l l a r  p a l l ia !  m y o s t r a c u m  ab o v e  and  a p r i s m a t i c  
a d d u c to r  m v o s t r a c u m  b e lo w ,  and  a  fo l ia te d  c a l c f te  e n d o a t r a c u m  (EN). A r ro w  
p o in ts  ven t r a l l y .
" P e c t e n ' '  s p ,  ( P e e t ln id a e l  R e c e n t
P ee l  P e -4 5 -Q X
P lan e  lY d a r i r e d  U g h t  X 50
R a d ia l  o b l iq u e  s e c t i o n  th ro u g h  th e  left v a lv e  o f  I j m a , s h o w in g  the  fo l ia te d  
c a l c t t e  c c t o a t r a e u m  (EC) and  c r o s s e d - l a m e l l a r  a r a g o n i t e  m e s e n d o s t r a o u m  (M E),
L im a  s p .  [ U m id a e J  
P e e l
P la n e  P o la r  i/.ed U g h t
R e c e n t  
P e -4 3 -Q X  
X 50
4. R a d ia l  o b l iq u e  s e c t i o n  th ro u g h  R a n g ia  s h o w in g  a  r e l a t i v e ly  th ic k  
m e a e c to B t r a c u m  (M E) o f  c r o a B e d - l a m e l l a r  a r a g o n i t e  and  a  th in  
e n d o s t r a c u m  (EN) of c o m p le x  c r o s s e d - l a m e l l a r  a r a g o n i t e .
R a n g ia  s p .  (M a c t r id a e J  R e c e n t ,  T e x a s
P ee!  P e - 2 3 - Q T x




C r o ssed -la m e lla r  M ierostru ctu re in B iva lves
1. R a d ia l  s e c t i o n  th ro u g h  a s p e c i m e n  of th e  C a r d f id a e .  T h e  f ig u r e  s h o w s  th e  
c r o s s e d - l a m e l l a r  m e s e c t o s t r a c u m  in a  p a r t  o f  th e  a r a g o n i t e  s h e l l  b ey o n d  th e  
p a l l i a l  l in e .  T h e  long  a x e s  of t h e  l a r g e  l a m e l l a e  o f  th e  c r o s s e d - l a m e l l a r  
m i c r o s t r u c t u r e  a r e  c o m m o n ly  o r i e n t e d  c o n c e n t r i c a l l y ,  p a r a l l e l  to  the  l in e s  
of g ro w th ,  in th e  b iv a lv e * .  R a d ia l  s e c t i o n s  th ro u g h  th e  s h e l l  cu t  the  long 
a x e s  p e r p e n d i c u l a r l y ,  and  th e  l a m e l l a e  a p p e a r  a* i r r e g u l a r ,  a l t e r n a t in g  l ig h t  
and d a r k  b a n d s .  A r ro w  p o in ts  v en t  r a l l y .
R e c e n t , T e x a s
P e e l  P c - 2 - Q T x
P la n e  P o l a r i s e d  Light X 50
2. R a d ia l  s e c t i o n  th ro u g h  th e  m e s e c t o s t r a c u m  of  C h am  a . sh o w in g  a r a g o n i t i c  
c r o s s e d  - l a m e l l a r  m i c r o a t  r u c t u r c  cu t  t r a n s v e r s e l y .  A r r o w  p o in ts  ven t r a l l y .
C h am  a s p .  JC h a m id a e )  E o c e n e ,  E ng land
P e e l  P e - 2 9 - T X
P la n e  P o la r !  t e d  L ight X '12
3 . -  4. T r a n s  v e r s e  s e c t i o n  a c r o s s  a s in g le  r ib  t3 > anti t a n g e n t ia l  s e c t i o n  
a c r o s s  s e v e r a l  r i b s  (4) of a m o d e r n  A r e a . F ig u r e  4 sh o w s  th e  c o n f ig u ra t io n  
of th e  f i r s t - o r d e r  l a m e l l a e  of c r o s s e d - l a m e l l a r  m i e r o s t r u c t u r e  a c r o s s
2 2 5
r i b  (R) and  t n t e r r i b  (IR) a r e a s  n e a r  th e  v e n t r a l  m a r g i n .  T h e  e n t i r e  s h e l l  is 
a r a g o n i t e .  A r r o w  p o in ts  to w a rd  v e n t r a l  m a r g i n .
A r e a  s p .  {A rc id a e l  
P e e l
P la n e  P o la r i x e d  U g h t 3.
4 .
R e c e n t ,  T e x a s  




P la te  77
C r o s s e d - l a m e l l a r  and  C o m p lex  C r o s s e d - l a m e l l a r  M l e r o s t r u c t u r e s
and
P e r f o r a t e  S h e l l s  o f  B iv a lv e s
1, R a d ia l  o b l iq u e  s e c t i o n  th ro u g h  p a r t  o f  one  v a lv e  o f  A r e a  n e a r  the  u m b o .  
T h e  f ig u r e  sh o w s  e r o s s e d - l a m e l l a r  m i e r o s t m e u t r o  in th e  u p p e r  l a y e r  (M E), 
c o m p le x  c r o e  B e d - l a m e l l a r  m i c r o s t r u c t u r e  in  th e  in n e r  l a y e r  (E h 'h  and 
n u m e ro u s  tu b u le s  cut t r a n s v e r s e l y .
A r e a  s p .  (A rc id a e J  R e c e n t ,  T e x a s
P ee l  P e - 2 1 - Q T *
P la n e  P o la r i z e d  l i g h t  X 50
2. R a d ia l  s e c t i o n  th ro u g h  one  of th e  a d d u c to r  m u s c l e  s c a r s  of A r e a . T he 
f ig u r e  show  th e  u p p e r  c r o s s e d - l a m e  l i a r  l a y e r  (M E), f ine  p r i s m a t i c  m i c r o ­
s t r u c t u r e  ty p ic a l  of m y o s l r a c a l  l a y e r s  (MY), and tu b u le s  p e n e t r a t i n g  bo th  
l a y e r s  (T i .  T h e  tu b u le s  do  not d i s t u r b  the  s h e l l  s t r u c t u r e  as  th ey  do  in the  
b r s c h lo p o d a  and in o t h e r  p e r f o r a t e  o r g a n i s m s .
A r e a  s p .  (A rc id a e J  R e c e n t ,  T e x a s
P e e l  P e - 2 1 - Q T x
P lan o  P o la r i z e d  l i g h t  X 125
3, R ad ia l  s e c t i o n  th ro u g h  one  v a lv e  of A r e a , sh o w in g  th e  d i s t r i b u t io n  of 
tu b u le s  w ith in  th e  a r e a  b o u n d ed  by th e  p a l l ia !  l in e .  T h e  tu b u le s  in thi«
s p e c i m e n  a r e  f i l led  w ith  o p a q u e  m a t e r i a l .  A r r o w  p o in ts  v en t  r a l l y .
A r e a  u p .  (A rc id a e )
T h in  S e c t io n
C r o s s  P o la r i z e d  Light
R e c e n t ,  T e x a s  




Molluaka -  Cephalopoda
C utaw ay  v ie w s  o f (a) p a r t  of th e  s k e le to n  of a n a u t i lo id  e e p h a lo p o d .
(b) h y p o th e t ic a l  a m  m o n o id  c e p h a io p o d  s k e l e t o n ,  s h o w in g  t h r e e  d i f f e r e n t  
ty p e s  o f  s u t u r e s ,  and  (c) p a r t  of the  s k e le to n  of a  h y p o th e t ic a l  b e ie m n o id  
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Plate 79
Nautiloid and Ammonold Cephalopoda
1. L ong itud ina l s e c t io n  th ro u g h  p a r t  of th e  s h e l l  of th e  n a u t i lo id ,  
P a e u r io r t h o c e r a a . T h e  s p e c im e n  i l l u s t r a t e s  c h a m b e r s  p ro d u c e d  by s e p t a ,  
th e  c e n t r a l l y  lo c a te d  s ip h u n c tc ,  and th ic k  c a m e r a !  d e p o s i t s  l in ing  the  s h e l l  
i n t e r i o r .
P a e u d o r th o c e r a e  s p .  ( P s e u d a r th o c e r a t id a e )  P e n n s y lv a n ia n ,  T ex a s
Thin  S ec t io n  C e - 1 - PaTx
C r o s s  P o la r i z e d  Light X 3
2.  R ad ia l  s e c t io n  th ro u g h  the  p l a n i s p i r a l  sh e l l  of the am  m ono id , K o a s i a n i t e s . 
T h e  l a s t  w h o r l  of th e  s h e l l  is  f i l led  w ith m a t r ix  to the f i r s t  s e p tu m ,  o th e r  
w h o r ls  of th e  sh e l l  a r e  f i l led  w ith  m o s a i c  c a l c i t e .
K o a s ia n i te s  s p ,  ( N e o ie o c e ra t id a e |
T h in  S ec t io n  
C r o s s  P o la r i z e d  l ig h t
3. S ec t io n  t r a n s v e r s e  to the  p la n e  of the  s p i r a l  o f  l m i t o c e r a a . The f ig u re  
show s s e v e r a l  s e p ta  and the  p a t t e r n s  p ro d u c e d  as  they  m e e t  the  w alls  of the 
s h e l l .  B e c a u se  of the  c o m p le x i ty  of the  s u t u r e s  in th e  am  m ono id s h e l l ,  e a c h  
s e r i a l  s e c t i o n  d i s p la y s  a d i f f e re n t  p a t t e r n .  E a r ly  w h o r ls  of the  sh e l l  a r e  
f i l le d  w ith  m o s a i c  c a l c i t e .
P e n n s y lv a n ia n ,  M is s o u r i  
C e - 1 0 - Pa Mo 
X t
lm i to c e r a a  s p .  |C h e i lo c e r a t td a e j
T h in  S ec t io n
C r o s s  P o la r i z e d  f ig h t
M is a i s s ip p ta n ,  Indiana 
C e -S -M In d  
X 1
4. O b liq u e  s e c t i o n  th ro u g h  a n  unknow n a m m o n o id  s h e l l .  A ll f r a g m e n t s  in 
th e  p h o to g r a p h  a r e  p i e c e s  o f  c e p h a lo p o d a  r e c r y s t a l l l r e d  to m o s a i c  c a l c i t e .  
T h e  s m a l l  s p h e r e s  a r e  p r o b a b ly  p r o to c o n c h s .
T h in  S e c t io n
C r o s s  P o l a r i r e d  U g h t





1. E n la r g e d  v iew  o f  p a r t  o f  th e  n au tf io id  p h r a g m o e o n e  o f  P s e u d o r th o c e r a a  
s h o w n  in F ig u r e  i of th e  p r e c e d in g  p l a t e .  T h e  p h o to g r a p h  s h o w s  p a r t  o f  th e  
e x f o l i a te d ,  r e c r y s t a l l i z e d  w a ll  (W). c a m e r a !  d e p o s i t s  w ith  r e l i c t ,  f in e ,  
p r i s m a t i c  m l c r o s t r u c t u r e  (PI a d j a c e n t  to  th e  i n n e r  s h e l l  w a l l ,  and  r e l i c t ,  
f in e  l a m in a e  (L) n e a r  th e  a n t e r i o r . A r r o w  in s ip h u n c le  is  d i r e c t e d  to w a rd  
th e  a n t e r i o r .  D a rk  m a t e r i a l  c o n c e n t r a te d  a b o u t  th e  s ip h u n c l e  is s e c o n d a r y  
s p h e r u l i t i c  c a l c iu m  p h o s p h a te ,
P s e u d o r t h o c e r a s  I P s e u d o r tb o e e r a t id a o )  P e n n s y lv a n ia n .  T e x a s
T h in  S ec t io n  0 - 1  - P a T x
C r o s s  P o la r i z e d  Light X 16
2. L o n g itu d in a l  s e c t i o n  th ro u g h  a f r a g m e n t  o f  a s m a l l ,  t h i n - s h e l l e d  n a u t i lo id  
e e p h a lo p o d  (C). T h e  s h e l l  is  r o e r y s t a l l i z e d  to  m o s a i c  c a l o t t e . O th e r  f o s s i l  
f r a g m e n t s  a r e  g a s t r o p o d  (G1 an d  o a t r a e o d a .
T h in  S e c t io n
C r o s s  P o la r i z e d  Light
O r d o v ic ia n ,  N orth  D akota





Nauti loid and B eiem noid Cephalopoda
I . T r a n s v e r s e  s e c t i o n  th ro u g h  th e  a n t e r i o r  p a r t  o f  a nau t i  loid p h r a g m o c o n e .
T h e  f ig u r e  s h o w s  th e  th in ,  r e  c r y s t a l l i z e d  o u t e r  w all (W) and  th i c k ,  p r i s m a t i c  
an d  l a m in a t e d  c a m e r a !  d e p o s i t s  (C). T h e  s k e l e t o n  is  r e c r y s t a l l i z e d  to  m o s a i c  
c a l c i t e  and is p a r t l y  r e p l a c e d  by s i l i c a .  Note th e  c h a n g e  in r e l i c t  m i c r o s t r u e t u r e  
of th e  c a m e r a !  d e p o s i t s  f r o m  v e r t i c a l l y  o r i e n t e d  p r i s m s  at th e  top  to  l a m in a e  a t 
the  b o t to m  le f t  in th e  a r e a  of a i l i c i f i c a t i o n .
2, T r a n s v e r s e  s e c t i o n  of a c r u s h e d  s p e c i m e n  of a n au t i lo id  cc p h a lo p o d  
c o n ta in in g  o r ig i n a l  a r a g o n i t i e  s h e l l  m a t e r i a l  and  d i s p la y in g  o r ig i n a l  s h e l l  
m i c r o s t r u c t u r e .  T h e  o u te r  s h e l l  is  t h r e e - l a  ye r e d .  It c o n s i s t s  of an  e x t e r n a !  
h o m o g e n e o u s  p r i s m a t i c  l a y e r  (0 .0 6  m m ) ,  a m id d le  n a c r e o u s  l a y e r  ( 0 .1 ?  m m )  
a n d  an  in n e r  l a y e r  (0 .01  m m )  of i n d e t e r m i n a t e  m i c r o s t r u e t u r e .  C a m e r a l  
d e p o s i t s  ( 0 .0 9  m m )  c o n s i s t  o f  fine p r i s m s  0 .0 2  m m  in d i a m e t e r .
P e n n s y lv a n ia n ,  T e x a s
T h in  S e c t io n C e ~ ? ~ P a T x
C r o s s  P o l a r i z e d  U g h t X 8
P e n n s y lv a n ia n ,  O k la h o m a
T hin  S e c t io n
C r o s s  P o la r i z e d  U g h t
C e-1  5 -  P sO k
X 16
3. - 4.  L o n g i tu d in a l  (3) ami t r a n s v e r s e  (4) s e c t i o n s  th ro u g h  th e  f r a g m e n ta r y  
r o s t r u m  o f  a b e ie m n o id  c c p h a lo p o d .  T h e  f ig u r e s  sh o w  th e  o r i e n t a t i o n  of the
c a l c l t c  p r i s m s  in  th e  a p ic a l  end  of th e  c o n e  and  p a t t e r n  o f  e x t in c t i o n .
T h in  S e c t io n  C e - 1 7 - X




Nautiloid and Am m onoid Cephaiopod Shell S tructures
1. T r a n s v e r s e  s e c t i o n  th ro u g h  th e  a n t e r i o r  p a r t  o f  th e  p h r a g m o c o n e  sh o w n  
in F ig u r e  1 of th e  p r e c e d i n g  p l a t e .  T h e  s h e l l  w all (W) is  r e c r y s t a l l i z e d  but 
s h o w s  t r a c e s  o f  th in  o u t e r  and  in n e r  l a y e r s  and  a th ic k  m id d le  l a y e r  s i m i l a r  
to  t h o s e  of th e  a m m o n o id  s h e t l  sh o w n  In F ig u r e  4 of th i s  p l a t e .  C a m e r a !  
d e p o s i t s  (C) show  r e l i c t ,  f in e ,  p r i s m a t i c  m i c r o s t r u c t u r e .
P e n n s y lv a n ia n ,  T e x a s  
C e - 7 - P a T x  
X 125
2. F in e ly  and  u n i f o r m ly  la m in a t e d  c a m e r a !  d e p o s i t s  f r o m  th e  i n t e r i o r  of a 
l a r g e  n a u t i lo id  c e p h a io p o d .  T h e  o r ig i n a l  m i c r o s t r u c t u r e  of th e  s k e le to n  
c a n n o t  b e  d e t e r m i n e d .  L a m in a t io n  m a y  b e  c a u s e d  by th in  f i lm s  of o r g a n i c  
m a t e r i a l  th a t  r e p r e s e n t  g ro w th  l in e s  o f  th e  d e p o s i t s .
O r d o v ic ia n ,  M in n e s o ta  
O  -1 4-O M n 
X 125
3. E n la r g e d  v iew  o f  a c r u s h e d  s e p tu m  of the  s p e c im e n  show n  in F ig u r e  2 of
th e  p r e c e d in g  p la te .  T h e  c o m p o s i t io n  is a r a g o n i t e  and  the  m i c r o s t r u c t u r e  is n a c r e .
P ee l
P la n e  P o la r i z e d  Light
P e e l
P la n e  P o la r i / .e d  l i g h t
l*eel
P la n e  P o la r i z e d  Light
C e - 1 5 - P a O k  
X 125
4. T r a n s v e r s e  s e c t i o n  a c r o s s  th e  p la n e  of c o i l in g  in  an  a m m o n o id  c e p h a io p o d  
s h o w in g  r e l i c t  t h r e e - l a y e r e d  s t r u c t u r e  in th e  r e c r y s t a l  It z e d  s h e l l  w a ll  (W) and  
s ip h u n c le  (S). S o m e  o f  th e  d a r k  m a t e r i a l  r e p l a c i n g  th e  s h e l l  is  c a l c iu m  p h o s p h a te .
P e e l
P la n e  P o l a r i z e d  Light
C e - 3 - P m T *  
X 125

Plate  83 
Mollusks -  C ricoeonar Ida
L o n g i tu d in a l  c u ta w a y  v ie w s  and t r a n s v e r s e  s e c t i o n s  of f o s s i l  c r i c o c o n a r i d s  
sh o w in g  m orpholofcy  and  s h e l l  m i c r o s t r u c t u r e s .
M O L L U S K S -  C R I C O C O N A R I D S
iiaw u tivci m x
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P la t e  84 
C r l  c o c o n a r Id a  -  T e n t a c u l l t e s
1. R a n d o m ly  o r i e n t e d  f r a g m e n t*  of T e n t a c u i i t c s  i l l u s t r a t i n g  d i f f e r e n t  s h a p e s  
p r o d u c e d  by th e  c o n ic a l  s h e l l s .  T h e  s p e c i m e n  in d ic a te d  by the  a r r o w  is  sh o w n  
in  F ig u r e  2 a t  h ig h e r  m a g n i f ic a t io n .
T e n t a c u l i t e s  »p .
T h in  S e c t io n  
C r o s s  P o la r i z e d  U g h t
2. O b liq u e  ta n g e n t ia l  s e c t i o n  of one  Ind iv idua l s h o w in g  th e  p e r f o r a t e d  t e s t  
and  fo l ia te d  m i c r o s t r u c t u r e .
T en t a c u i t i e s  s p ,  I>evonJan, M ich ig an
T h in  S e c t io n  T e-4~ L )M ich
P la n e  P o la r i z e d  U g h t  X 125
3. L o n g i tu d in a l  s e c t io n  a p p r o x im a te ly  th ro u g h  th e  c e n t e r  of an  e x c e p t io n a l ly  
w e l l - p r e s e r v e d  s p e c i m e n  of T e n t a c u l l t e s  sh o w in g  a b r ig h t  o u te r  l a y e r  and 
in n e r  f o l i a te d  l a y e r ,  in a d d i t io n  to  s e p t a  (S) p e r f o r a t e d  m e d ia l ly .  A r ro w  
p o in ts  to w a rd  a n t e r i o r
D e v o n ia n ,  M ich ig an  
T e - 4 - D M ic h  
X 16
T c n t a c u l i t e s  s p .
T h in  S e c t io n
P la n e  P o la r i z e d  U g h t
D e v o n ia n ,  C an ad a  




Cr i coco na rids - Tentaculites
1. T h in  s e c t i o n  n o r m a l  to  b e d d in g  sh o w in g  s e v e r a l  in d iv id u a ls  In t r a n s v e r s e  
s e c t i o n .  T h e  s m a l l  c o n ic a l  s h e l l s  u s u a l ly  o c c u r  in g r e a t  n u m b e r s  and  o f ten  
sh o w  p r e f e r r e d  o r i e n t a t i o n .
T e n t a c u l t t e s  s p .  S i lu r i a n ,  New Y ork
T h in  S e c t io n  T c - l - S N Y
O r d in a r y  L igh t  X 12
2. T r a n s v e r s e  s e c t i o n  of fo u r  in d iv id u a ls  p a c k e d  in s id e  of a f if th .  B e c a u s e  
of t h e i r  s h a p e  and lo c a l  a b u n d a n c e ,  th e  t in y  c o n e s  a r e  o f ten  a l ig n e d  ami 
p a c k e d  in s id e  one  a n o t h e r .
P ee l  T e -1  -8  NY
P la n e  P o l a r i s e d  l i g h t  X 50
5. L o n g i tu d in a l  s e c t i o n  th ro u g h  the  w a l l s  o f  tw o  in d iv id u a ls  s h o w in g  fo l ia te d  
m i e r o s t r u c t u r e  in  the  a r e a  of the  a n n u l a r  r i n g s .  P u n c ta e  a r e  not v i s ib l e  in 
t h e s e  s p e c i m e n s .
P e e l
P la n e  P o l a r i s e d  Light




P la te  86 
C r ic o o o n a r ld s  -  S ty l io l tn a
1. S ec t io n  n o r m a l  to  bed d in g  p la n e  sh o w in g  s e v e r a l  w ho le ,  r a n d o m ly  o r ie n t e d  
in d iv id u a ls  and b r o k e n  f r a g m e n t s  o f  o t h e r s .  L ike T e n t s c u l l t e s , S ty lio l tn a  
u s u a l ly  is  found in g r e a t  n u m b e r s .
S ty l io l tn a  s p .  D ev o n ian ,  T e x a s
T h in  S ec t io n  B r -8 7 -D T *
O r d in a r y  Light X 12
2, - 3 . E n la rg e d  view  of s e v e r a l  in d iv id u a ls  f ro m  th e  s a m p le  above  (21 and 
t r a n s v e r s e  s e c t io n  of an ind iv idua l  b e tw e e n  c r o s s e d  rticola (3). T h e  s h e l l s  of 
S ty l io l tn a  eons  1st of h o m o g e n eo u s  c a l c i t e .  T r a n s v e r s e  s e c t io n s  of the  sh e l l  
show  an e x t in c t io n  c r o s s  b e tw e e n  c ro s se s !  n io o ls  and lo n g itu d in a l  s e c t io n s  
e x t in g u is h  a lm o s t  a s  a u n it .
S ty i lo l in a  s p ,  D evon ian ,  T e x a s
T hin  S ec t io n  B r -8 7 -D T x
2.  P la n e  P o la r i z e d  Light X 50
3. C r o s s  P o la r i z e d  Light X 125

P late 87
M ollusks -  G astropoda
H y p o th e t ic a l  f o s s i l  g a s t r o p o d  v a l v e s ,  s h o w in g  s o m e  m o r p h o lo g ic  f e a t u r e s  
and  s h e l l  m i c r o e t r u c t u r e s . (a) L o n g itu d in a l  c u ta w a y  v ie w  of a s im p l e
c o n e ,  (b) L o n g i tu d in a l  c u taw a y  v iew  of a p l a n i s p i r a l  c o n e .  (c) L o n g i­
tu d in a l  c u ta w a y  v ie w  of a t o w - s p i r e d ,  h e l ic o id  s p i r a l  v a lv e  w ith  ho llow  
a x i s ,  (d) L o n g i tu d in a l  and  t r a n s v e r s e  c u ta w a y  v ie w s  of a h i g h - s p i r e d  
h e l ic o id  s p i r a l  v a lv e  w ith  s o l id  a x i s .
Note: In th e  e x p la n a t io n s  o f  P la t e s  88-iM n a m e s  of g a s t r o p o d  f a m i l i e s  a r e  
g iv e n  a f t e r  the  c l a s s i f i c a t i o n  of Z i t t e l - E a s t m a n  flSMnj, T r e a t i s e  f a m i ly  
n a m e s  a r e  g iv e n  w h e re  they  d i f f e r  f ro m  Z i t t e l ’» c l a s s i f i c a t i o n .
M O L L Q S K S - C A S T R O P O D S
AIU



















1. L o n g i tu d in a l  s e c t i o n  th ro u g h  an  a r c h i t e c t u r a l l y  s i m p l e ,  c a p - s h a p e d  s h e l l .
L im p e t  (A c m a e id a c l  R e c e n t
T h in  S e c t io n  G a -5 5 -Q X
C r o s s  P o l a r t i e d  Light X 2
2. O b liq u e  s e c t i o n  th r o u g h  a  h e l ic o id  s p i r a l  s h e l l  c u t t in g  the  txxlv w horl th ro u g h  
th e  a p e r t u r e ,
C y c lo n e m a  »p . [ P la t y c e r a t id a e J  - T r e a t i s e  O r d o v ic ia n ,  Ohio
(T r t> c h o n e m a t id a e |  - Z i t te l
T h in  S e c t io n  Ga~6-0{)
C r o s s  P o l a r i s e d  Light X 4
3 . l o n g i tu d in a l  o b l iq u e  s e c t i o n  th ro u g h  an  o r n a t e h  s c u l p t u r e d ,  h e l ic o id  s p i r a l  
s h e l l ,  s h o w in g  a p o r t i o n  o f  th e  c o l u m e l l a ,
M u r  ex s p ,  {M uric idae}  R e c e n t
T h in  S e c t io n  G a -3 8 -Q X
C r o s s  P o l a r l r e d  Light X 1
4. L o n g i tu d in a l  s e c t i o n  th ro u g h  tw o p l a n i a p i r a l  s h e l l s ,  sh o w in g  e x c e s s  th ic k e n in g  
on o u t e r  s i d e s  of th e  w h o r l s .  T h e  s h e l l s  a r e  t w o - l a y e r e d ;  th e  o u te r  l a y e r  is
h o m o g e n e o u s  p r i s m a t i c  c a l c i t e ;  th e  i n n e r  l a y e r  is  r e c r y s t a l l i x e d .
A m p h is c a p h a  s p .  ( E u o m p h a l id a e )
T h in  S e c t io n
C r o s s  P o l a r i z e d  Light
P e n n s y lv a n ia n ,  T e x a s  




G astropod Sh ells
1 . - 2 .  L o n g itu d in a l  s e c t i o n  th ro u g h  a h i g h - s p i r e d ,  h e l ic o id  s p i r a l  s h e l l  
p a r a l l e l  to  th e  a x i s  of c o i l in g  (1 J and  t r a n s v e r s e  s e c t i o n  th ro u g h  th e  u p p e r  
w h o r l  of th e  s a m e  s p e c i m e n  (2). Mote Ju n c t io n  of th e  w h o r Is  in  (2) and th e  
’‘p r o j e c t i o n "  of th e  s h e l l  in to  th e  c e n t r a l  c a v i ty ,  a f e a t u r e  of g a s t r o p o d  
s h e l l s  th a t  d i s t i n g u i s h e s  t r a n s v e r s e  c u t s  of th e  s h e l l  f r o m  o th e r  tu b u la r  
o r g a n i s m s ,
T u r r t t e l l a  s p .  I T u r r i t e l l i d a e }  R e c e n t ,  V e n e z u e la
T hin  S e c t io n  G a -3 9 -Q X
C r o s s  P o l a r i s e d  Light 1. X I
** V o/ \  a*
;j. F o a s i l i f e r o u a  l im e s to n e  c o m p o s e d  of r a n d o m ly  o r i e n t e d  g a s t r o p o d s  <G», 
p e le c y p o d a  (P i ,  and  o s t r a c o d s  ( s m a l l e r  b iv a lv e s ) .  T h e  f ig u r e  i l l u s t r a t e s  
the  c o m m o n  ty p e  of p r e s e r v a t i o n  of m o l lu s k s  in P a le o z o ic  r o c k s .
T h in  S e c t io n
C r o s s  P o la r i z e d  Light
O r d o v ic ia n ,  N orth  D ak o ta  





P rism a tic  M icrostru ctu res in G astropod Shells
1 . - 2 .  L o n g itu d in a l  s e c t i o n  (1 > and  t r a n s v e r s e  s e c t i o n  (2) th ro u g h  the  s h e l l  
of A m p h ia c a p h a . T h e  o u t e r  s h e l l  l a y e r  <G> c o n s i s t s  of h o m o g e n e o u s  p r i s m a t i c  
c a l c i t e ; th e  in n e r  l a y e r  (I) i s  r e c r y s t a l l i z e d  b u t  s h o w s  r e l i c t  c r o s s e d - l a m e l i a r  
m i c r o s t r u c t u r e .  W - th i c k n e s s  of th e  s h e l l  w h o r l :  S t h i c k n e s s  of th e  s h e l l .
A m p h is  c a p  h a  s p .  ( E u o m p h a l id a e j  P e n n s y lv a n ia n ,  T e x a s
T hi n S e c t io n  Ga - 12 -  P aT x
C r o s s  P o la r i z e d  l i g h t  X 16
O u te r  h o m o g e n e o u s  p r i s m a t i c  c a l c i t e  l a y e r  of one of th e  s p e c im e n s  sh o w n  
in P la te  88 , F ig u r e  4.
A m p h ia c a p h a  s p .  P e n n s y lv a n ia n ,  T e x a s
P e e l  G a - 4 - P a T x
P la n e  P o la r i z e d  l i g h t  X 125
(. O u te r  p r i s m a t i c  l a y e r  of C y c l o n e m a , sh o w n  in P la te  88 , F ig u r e  2. T h e  
o u t e r  p r i s m a t i c  l a y e r  ( a r r o w )  is  v e r y  th in  (0. 02 -  0. 0.5 m m )  and  c o n s i s t s  of 
s h o r t  c a l c i t e  p r i s m s .  T h e  in n e r  l a y e r  o f  th e  s h e l l  a p p e a r s  to b e  r e c r y s t a l l i z e d  
to  e lo n g a te  g r a i n s ,  the  g ro w th  o f  w h ich  w as p ro b a b ly  in f lu e n c e d  hv th e  c r y s t a l  
o r i e n t a t i o n  of the  o u t e r  l a y e r .
C y c lo n e m a  s p ,  {P l a t y c e r a t i d a e l  - T r e a t i s e  O r d o v ic ia n ,  Ohio
{ T ro c h o n e m a t id a e )  - X itte l
P ee l
P la n e  P o la r i z e d  l i g h t





C om posite P r ism a tic  and N acreous M icrostru ctu res in Gastropod Shells
1 . - 4 ,  L o n g itu d in a l  s e c t i o n  th r o u g h  th e  s h e l l  of M o n o d o n ta , s h o w in g  t h r e e  
s t r u c t u r a l l y  d i f f e r e n t  a r a g o n i t e  l a y e r s .  A fine  p r i s m a t i c  l a y e r  IP) f o r m s  th e  
c o lu m e l l a  and a  l in in g  on  th e  in n e r  s i d e  o f  th e  w h o r l s ; a c o m p o s i t e  p r i s m a t i c  
l a y e r  {CP) f o r m s  th e  o u t e r  l a y e r  o f  th e  s h e l l ;  and  n a c r e  f o r m s  an  In n e r  l in in g  
of th e  s h e l l  on  th e  o u t e r  s id e  of th e  w h o r l s .  T h e  c o m p o s i t e  p r i s m s  a r e  cu t  
lo n g i tu d in a l ly  in (1), (3), and (4) and  a r e  cu t  t r a n s v e r s e  o b l iq u e ly  in  (2).
M onodon ta  s p .  (T ro c h id a e )  R e c e n t . A u s t r a l i a
1. T h in  S e c t io n  G a -5 3 -Q X
2 . - 4. P e e l s  G a -5 3 -Q X




C r o ssed -la m e lla r  M icrostru cture in G astropod Sh ells
1, L o n g i tu d in a l  s e c t i o n  th ro u g h  F a s c i o l a r i a  i l l u s t r a t i n g  th e  c o m m o n  o r i e n t a t i o n
o f  c r o s s e d - l a m e l i a r  l a y e r s  in  a  t h r e e - l a y e r e d  g a s t r o p o d  s h e l l .  T h e  long d im e n s io n  
o f  th e  f i r s t  o r d e r  l a m e l l a e  is o r i e n t e d  in a r a d i a l  d i r e c t i o n  in  th e  u p p e r  (1) and  
in n e r  {3) l a y e r s  and  a p p r o x im a te ly  in a  c o n c e n t r i c  d i r e c t i o n  in  th e  m id d le  s h e l l  
l a y e r  <2).
F a s c i o l a r i a  s p ,  1 F us idae}  R e c e n t
P e e l  G a -4 1 -Q X
P la n e  P o la r i z e d  Light X 32
2 . L o n g i tu d in a l  s e c t i o n  th r o u g h  the  s h e l l  of S t ro m b u s  sh o w in g  f ive  c r o s s e d -  
l a m e l l a r  l a y e r s .  T h e  o u t e r  l a y e r .  (1) is c o m p o s e d  of f ine  l a m e l l a e  w ith  r a d ia l  
o r i e n t a t i o n  in th is  p a r t  of th e  s h e l l .  L a y e r s  (2). (3), and  (4 | h av e  th e  s a m e  
o r i e n t a t i o n  as  the  l a y e r s  in a t h r e e - l a y e r e d  s h e l l .  T h e  in n e r  l a y e r  (5i is 
o r i e n t e d  w ith  th e  long d im e n s io n  of th e  l a m e l l a e  a t  a s l ig h t  a n g le  to th o s e  of 
l a y e r  (4L
S t r o m  b u s  s p .  (S t ro m b id a e )  R e c e n t
P ee l  U a -3 6 -Q X
P la n e  P o l a r i z e d  Light X 50
3 , L o n g i tu d in a l  s e c t i o n  th ro u g h  the  s h e l l  of B u sy o o n  sh o w in g  unequa l 
d e v e lo p m e n t  of th e  o u t e r  (1) and in n e r  f3) c r o s s e d - l a m e l i a r  l a y e r s ,  D e ta i ls  
of l a y e r s  <2) and (3) a r e  sh o w n  a t  h ig h e r  m a g n i f ic a t io n  In P la t e  1 0 t
Figure* I and 2 and P la te  11, F igure 1.
B u ay co n  s p . { B uec in idaeJ  R e c e n t ,  T e x a s
P e e l  G a - 6 0 - Q T x
P la n e  P o l a r i s e d  L igh t X 32
4. L o n g i tu d in a l  s e c t i o n  th ro u g h  M u re x  s h o w in g  o r i e n t a t i o n  of th e  c r o s s e d -  
l a m e l l a r  l a y e r s  In o n e  of th e  v a r i c e s .
M u re x  s p .  J M u r ic td a e J  
P ee l
P la n e  P o la r i z e d  Light
R e c e n t





Foliated and Com plex C r o ssed -la m e  liar Mi ero stru ctu rc  In Gastropod Shells
1 . - 2 .  P a r t  o f  the  o u t e r  f o l i a te d  l a y e r  (F ) of a  l a r g e  s p e c i m e n  o f  P l a t y c c r a a . 
T h e  fo l ia  a r e  b e n t  and  tw is t e d ,  p r o d u c in g  a  d i s t i n c t i v e  s t r u c t u r a l  l a y e r .  
P l a t y c e r a a  n o r m a l ly  h a s  a t w o - l a y e r e d  a b e l l ,  b u t  th e  b o u n d a ry  b e tw e e n  th e  
l a y e r s  Is a p la n e  of w e a k n e s s  and  th e  In n e r  l a y e r  Is e x fo l i a te d .
P l a t y c e r a s  s p .  | P l a t y e e r a t l d a e j  -  T r e a t i s e  D ev o n ia n ,  T e x a s
IC a p u l id a e l  -  Z i t te l
T h in  S ec t io n  G a - 2 4 - P T x
C r o s s  P o la r i z e d  Light i .  X 10
2 .  X 50
3, - 4. O b liq u e  s e c t i o n  th ro u g h  th e  s h e l l  of N e r i t i n a , T h e  o u t e r  l a y e r  (F) is 
fo l ia te d  c a l e i t e  h e a v i ly  im p r e g n a te d  w ith  p ig m e n t ,  th e  m id d le  l a y e r  (CL) is 
e r o s s e d - l a m e l l a r  a r a g o n i t e ,  and  the  in n e r  l a y e r  (C C L) is  a p a r t i a l  l in ing  of 
th e  s h e l l  c o m p o s e d  of c o m p le x  c r o s s e d - l a m e l l a r  a r a g o n i t e .  Note th e  i r r e g u l a r  
a r r a n g e m e n t  in c o m p le x  c r o s s e d - l a m e l l a r  s t r u c t u r e  of e l e m e n t s  of the c r o s s e d -  
l a m e l l a r  s t r u c t u r e ,
■Noritina s p .  j N e r i t ld a e )  R ece n t
T h in  S e c t io n  G a -5 6 -Q X
3. P la n e  P o la r i z e d  Light X 31
4. C r o s s  P o la r i z e d  Light X 31

Plate 94
R elict M icroetructures In Gaatropod Shells
1 . - 2 .  R e l i c t  c r o a s e d - l a r n e l l a r  m i c r o s t r u c t u r e  ( a r r o w )  in a  c r u s h e d  s h e l l  
° f  S o le n ia c u a  f ro m  th e  P e n n s y lv a n ia n .  O r ig in a l  c r o s s e d - l a m e l l a r  s t r u c t u r e s  
a r e  know n f r o m  a r a g o n l t i c  s h e i l a  aa  o ld  a s  M ia a l a s  ip p ia n ,  r e l i c t  m i c r o -  
a t ru c tu r e w  s u c h  a s  sh o w n  in th e  p h o to g ra p h  a r e  f a i r l y  c o m m o n  lo c a l ly  in 
a r g i l l a c e o u s  r o c k s  f ro m  the  P e n n s y lv a n ia n .
S o le n ts  c u b  s p .  (S u b u li t td ae )  -  T r e a t ! b o  P e n n s y lv a n ia n ,  T e x a s
[ P y r a m i d e  11 i d a e ? i  -  Z i t tc l
T h in  S e c t io n  G a - 2 - P a T x
C ro a a  P o la r i z e d  l i g h t  1. X 16
2. X 125
3. A p o r t i o n  of the  s h e l l  of P h a r k id o n o tu s  n e a r  th e  a p e r t u r e .  T h e  s h e l l  is  
r e c r y a t a l l i z e d  to m o s a i c  c a l c t t e  hu t o r ig in a l  h o r i z o n t a l  g ro w th  la m in a e  a r e  
r e t a in e d  an d  c o n t ro l  th e  s h a p e  of th e  c a l e i t e  c r y s t a l s .
l* h a rk id o n o tu s  s p .  1 B e l le ro p h o n t id a e l  P e n n s y lv a n ia n ,  T e x a s
T h in  S e c t io n  G a - 3 b - P a T x
( ’r o e s  P o la r i z e d  L ight X 16
I. T r a n s v e r s e  s e c t i o n  th ro u g h  the  sh e l l  of L up he  m i t e s  sh o w in g  r e l i c t  
c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e  in th e  in n e r  s h e l l  l a y e r .
F .u p h c m ite s  sp .  [S in u i t id a e l  - T r e a t i s e  P e n n s y lv a n ia n ,  Texi
|  B e l le ro p h o n t id a e }  - Z i t te l
T h ln  S e c t io n  G a -11 -  P aT x
C ro a a  P o la r i z e d  Light X 16

Plate 95
M oltuaks -  Scapbopods
L o n g itu d in a l c u ta w a y  view  and t r a n s v e r s e  s e c t io n  of a f o s s i l  s c a p h o p tx l , 
sh o w in g  m o rp h o lo g y  and  s h e l l  m i c r o s t r u c tu r c .
i ian«m«i»N
n i t s
I t t l l l S W











Growth Form  and M icrostru cture o f Scapbopod Sh ells
1. L o n g itu d in a l s e c t io n  th ro u g h  th e  m id lin e  o f a s p e c im e n  of D e n ta llu m  
f ro m  th e  R e c e n t .  T h e  f ig u re  i l l u s t r a t e s  th e  s l e n d e r ,  s l ig h t ly  c u rv e d  
s k e le to n  an d  th e  c o n c e n t r ic a l ly  o r ie n te d  c r o s s e d - l a m e l l a r  m i c r o s t r u c tu r e  
w h ich  fo rm s  th e  m a jo r  p a r t  o f th e  s h e l l  w a l l .  Note th e  g ro w th  l in e s  w h ich  
t r a n s e c t  th e  s h e l l  w all o b liq u e ly  and  th e  g r a d a t io n  of th e  c r o s s e d - I  a m e  l i a r  
m i c r a a t r u c tu r c  to  an  in d is t in c t  s t r u c t u r a l  la y e r  flL ) w h ich  l in e s  th e  in t e r io r  
of th e  s h e l l .
D e n ta iiu m  » p . R e c e n t,  E ng land
P e e l S c-fl-Q X
O r d in a r y  L igh t X 6 .5
2. - 3 . T r a n s v e r s e  o b liq u e  (2 ) anti lo n g itu d in a l (3) s e c t io n s  th ro u g h  a 
f r a g m e n t  o f a  r e c r v s ta l l t z e d  fo s s i l  se a p h o p o d  s h e l l .
D e n ta i iu m  s p .
T h in  S e c tio n
C r o s s  P o lA rU e d  L ight
P e n n s y lv a n ia n , T e x a s  





C r o ssed -la m e lla r  M icrostru ctu re  In R ecent and F o ss il Scapbopods
l .  T r a n s v e r s e  s e c t io n  o f D c n ta llu m  i l lu s t r a t in g  th e  in d is t in c t  o u te r  la y e r  fOL) 
and  in n e r  la y e r  (I L) and  c o n c e n t r ic a l ly  o r ie n te d  c r o s s e d - l a m e l l a r  m ic r o -  
s t r u c t u r e  w h ich  a p p e a r s  to  c o n s t i tu te  th e  m a jo r  p a r t  o f th e  s h e l l .
D e n ta liu m  s p .  R e c e n t
T h in  S e c tio n  S c - I - U - T
O rd in a ry  L igh t X 8 .5
2. M ag n ified  v iew  o f p a r t  o f the* s k e le to n  i l lu s t r a t e d  In F ig u re  1 of th e  
p r e c e d in g  p la te .  T h e  f ig u re  sh o w s th e  g ro w th  lin e s  w h ich  t r a n s e c t  th e  
s h e l l  w ail o b liq u e ly , c o n c e n t r ic a l ly  o r ie n te d  f i r s t  - o r d e r  la m e l la e  of th e  
c r o s s e d - l a m e l l a r  m i c r o s t r u c t u r e ,  and  th e  in d is t in c t  c r o s s e d - l a m e l i a r  
m i c r o s t r u c t u r e  o f th e  in n e r  la y e r  fIL ) as  th e  g ro w th  lin e s  b e c o m e  ta n g e n t 
to  th e  in n e r  s u r f a c e  of th e  s h e l l .
D e n ta l ium  sp . R e c e n t, K ngtand
P e e l Sc-G -Q X
P la n e  P o la r iz e d  L igh t X 50
3. T r a n s v e r s e  s e c t io n  th ro u g h  a f ra g m e n t o f a f o s s i l  D en ta l iu m . sh o w in g  
an  o u te r  zone  of r e l i c t  c o n c e n tr ic a l ly  o r ie n t e d ,  c r o s s e d - l a m e l i a r  m ic r o -  
s t r u c t u r e  and an  in n e r  zone  c o n s is t in g  o n ly  o f r e l i c t  c o n c e n tr ic  b a n d s . 
R a se d  on  th e  c u r v a tu r e  of th e  s h e l l  f r a g m e n t ,  th is  p o r t io n  of th e  s h e ll
h ad  an  in n e r  d ia m e te r  o f 38 m m  and  a n  o u te r  d ia m e te r  of 52 m m .
D en taU u m  s p .
T h in  S e c tio n
C ro a a  P o la r ix e d  L igh t
P e n n s y lv a n ia n , T e x a s  






P la te  98 
S ponges
C u taw ay  v iew  of a h y p o th e tic a l  f o s s i l  s o l i t a r y  s p o n g e , sh o w in g  s o m e  
m o rp h o lo g ic  f e a tu r e s  and w all s t r u c t u r e .
H «)0*>941 
i9 m a n
n w *  v ...
$ w *  i n n
s m u t
255
Plate 99
G ro w th  F o rm  of S o m e F o s s  U S p o n g es
1 . - 2 .  L o n g itu d in a l o b liq u e  s e c t io n  (1) and  t r a n s v e r s e  s e c t io n  (2) th ro u g h  a  
c y l in d r ic a l  s p o n g e . T h e  f ig u r e s  show  th e  c lo a c a  (C) and th ic k  w a ils  p e n e t r a te d  
b y  a la b y r in th  of s m a l l e r  c a n a ls .
C o c lo c ia d la  « p , |D e m o s p o n g e a l P e n n s y lv a n ia n , T e x a s
T h in  S e c tio n  P o r - 6 - P a T x
C r o s s  P o la r iz e d  l i g h t  1. X 1 .5
2 . X :i
3 . L o n g itu d in a l s e c t io n  th ro u g h  a  sp o n g e  c o m p o se d  of a  s e r i e s  of ho llow  
g lo b u la r  s p h e r e s  f i l le d  w ith  m o s a ic  c a lc i t e .  A lthough  th e  w a lla  a r e  r e -  
c r y s t a l l i z e d ,  th e i r  th ic k n e s s  and  o u tl in e  a r e  p r e s e r v e d  by a rg i l la c e o u s  
m a te r i a l  in c o rp o r a te d  in to  th e  s p a r r y  m o s a ic .
G ir ty c o e l ia  s p .  [C a lc is p o n g c a j P e n n sv l v a n la n . T e x a s
T h in  S e c tio n  P o r - 5 - P a T x
C r o s s  P o la r iz e d  L igh t X 2
4 . S e c tio n  th ro u g h  th e  m id d le  o f a g lo b u la r  g ro w th  fo rm . T h e  s k e le to n  is  a 
r ig id  f r a m e w o rk  of In te rc o n n e c te d  s i l i c e o u s  s p ic u le s  em b e tk ie d  in  c h e r t .  
T h e  s p ic u le s  in th is  s p e c im e n  a r e  c o a te d  by a  th in  film  of h e m a ti te  and 
a p p e a r  a s  tin y  o p a q u e  d o ts  In th e  p h o to g ra p h . S ilic e o u s  sp o n g e s  a r e  o fte n
found w ith in  " c h e r t  n o d u le s "  in  c a rb o n a te  r o c k s .
P a lc o m a n o n  s p ,  |D e m o s  p o n g ea l S i lu r ia n ,  T e n n e s s e e
T h in  S e c tio n  P o r - f t -S T e




Skeletal E lem ent* o f C alcareous Sponges
1 , R a n d o m ly  o r ie n te d ,  i s o la te d  c a lc a r e o u s  s p ic u le s  f ro m  an  unknow n sp o n g e . 
M o st s p ic u le s  h a v e  s ix  r a y s  In o ne  p la n e ; s o m e  h a v e  e ig h t  r a y s — a ix  in one 
p la n e  and  tw o n o rm a l to  th e  p la n e .  S o m e  s p ic u le s  a ls o  d is p la y  u n it e x t in c tio n  
b e tw e e n  c r o s s e d  n lc o la  b u t c a n  b e  d is t in g u is h e d  f ro m  e  ch i n o d e rm  f r a g m e n ts  by 
th e i r  s t e l l a t e  s h a p e  and la c k  o f a n  in te r n a l  r e t i c u la te  p a t t e r n .  W hen s p ic u le a  
s u c h  a s  th e s e  a r e  d e n s e ly  p a c k e d  in  th e  w all o f a s p o n g e , in d iv id u a ls  a r e  d if f ic u lt  
to  d is t in g u is h  and  th e  sp o n g e  w all r e s e m b le s  th a t sh o w n  in  P la te  101, F ig u re  1.
2. B u n d ie s  of m o n a x o n s  fo rm in g  th e  s k e le to n  o f a f o s s i l  s p o n g e . W hen th e  
w ho le  s p e c im e n  is  v iew ed  at low m a g n if ic a t io n , th e  b u n d le s  of s p ic u le s  a p p e a r  
to  fo rm  a th r e e - d im e n s io n a l  n e tw o rk , w ith  s o m e  s p ic u le s  o r ie n te d  c o n c e n t r i ­
c a l ly .  s o m e  lo n g i tu d in a l ly , and s o m e  t r a n s v e r s e l y  w ith in  th e  w a ll. A ll s p ic u le s  
in  th is  s p e c im e n  a r e  c a l c i t e .  S in ce  w h e th e r  they  w e re  e a le i t c  o r ig in a l ly  o r  a 
p ro d u c t  of r e p la c e m e n t  of c a lc i t e  fo r  o r ig in a l  s i l i c a  is  not know n, th e  Id e n ti­
f ic a tio n  of th e  sp o n g e  is u n c e r ta in ,  A sp o n g e  of id e n t ic a l  a r c h i t e c t u r e  fro m  
a n o th e r  lo c a li ty  c o n ta in e d  o n ly  s i l i c e o u s  s p ic u le s .
(C a ic isp o n g e a ) D e v o n ia n , M ich ig an  
F o r - 11 -P M ie h  
X 16
T h in  S e c tio n
C r o s s  P o la r iz e d  L igh t
P e e l
f D o m o sp o n g e a  ? | P e n n s y lv a n ia n , T e x a s  
P o r - 1 2 -  F aT x
P la n e  P o la r iz e d  l i g h t X 125
2, T r a n s v e r s e  s e c t io n  th ro u g h  th e  s a u c e r - s h a p e d  c a lc a r e o u s  s p o n g e , 
A s tr a e o S p o n g iu m , sh o w in g  s k e le ta l  e le m e n ts  in  p la c e .  T h e  s t e l l a t e
s p ic u le *  a r e  e i g h t - r a y e d — s ix  r a y s  in o n e  p la n e  and tw o  r a y s  n o rm a l  to  
th is  p la n e .
A a tra e o s p o n g iu m  m e n is c u s  
T h in  S e c tio n  
O r d in a r y  L igh t
S i lu r ia n ,  T e n n e s s e e  




Wall Structure of C alcareous Sponges
1. L o n g itu d in a l s e c t io n  th ro u g h  th e  w all o f  F ia s l s p o n g ia . T h e  s k e le to n  is
r e  c r y s ta l l i z e d  and  sh o w s  no o r ig in a l  m i c r o s t r u c t u r e s . T h e  c a l c a r e o u s  w a lls  
a r e  d a r k  In th is  s p e c im e n ,  and  th e  la b y r in th  o f c a n a ls  is  f i l le d  w ith  c l e a r  
s p a r r y  c a l e l t e .  T h e  r e v e r s e  s i tu a t io n ,  in w h ich  th e  w a lla  a r e  r e  c r y s t a l l i s e d  
to  c l e a r  s p a r r y  c a l c i t e  and  th e  c a n a ls  a r e  f i l le d  w ith  d a r k  m a t r ix ,  is  a ls o  
c o m m o n  in  fo s s i l  s p o n g e s ,
F is s is p o n g la  s p .  (C a lc ia p o n g e a )  P e n n s y lv a n ia n , T e x a s
T h in  S e c tio n  P o r - 3 b - P a T x
C r o s s  P o la r iz e d  I J g h t  X 16
2 . L o n g itu d in a l s e c t io n  th ro u g h  p a r t  of th e  bow  1 -s h a p e d , sp o n g e lik e  f o s s i l ,  
K e c e p ta c u l i t e a . T h e  s k e le to n  is c o m p o se d  of s to u t ,  c lo s e ly  p a c k e d  p i l l a r s .  
T h e  p i l l a r s  a r e  r e e r v s i a l l i z e d  to  s p a r r y  c a lc i t e  and sh o w  no o r ig in a l  
m l c r o s t r u c t u r e ,  I n te r s  p a c t 's  b e tw e e n  th e  p i l l a r s  a r e  fille t! w ith  d a r k ,  
a r g i l l a c e o u s  e a lc i t c  m a t r ix ,
R e c e p ta c u l i te s  sp .
T h in  S e c tio n
C ro s s  P o la r iz e d  l i g h t
O rd o v ic ia n , V irg in ia  
P o r-1 0 -O V a  
X ft
a
P la te  102
S k e le ta l  E le m e n ts  o f S om e S il ic e o u s  S p o n g es
1, L o n g itu d in a l s e c t io n  th ro u g h  a g lo b u la r  s i l i c e o u s  s p o n g e  s i m i l a r  to  th a t  
i l l u s t r a t e d  in  P la te  99 , F ig u re  4 . T h e  s p ic u le s  (d a rk , o p aq u e  s p o ts )  a r e  
tie s  m a s  u n ite d  in to  a  r ig id  f r a m e w o rk .  O p a c ity  is  c a u s e d  b y  a th in  f ilm  of 
h e m a t i te .  T h e  m a t r ix  is  s i l i c a  flig h t a r e a s )  and  c a lc i t e  (du sty  a r e a s ) .
C a ry o m a n o n  s p .  [D e m o sp o n g e a ] S i lu r ia n ,  T e n n e s s e e
T h in  S e c tio n  P o r - 9 - S T e
C r o s s  P o la r iz e d  L igh t X 16
2. - H. O b liq u e  cu t th ro u g h  a s in g le  s i l i c e o u s  s p ic u le  i l lu s t r a t in g  i t s  
ap p c& ran ec  in  p la n e  p o la r iz e d  lig h t (2) and  b e tw e e n  c ro s s e e l n ic o ls  (3). 
N ote th e  h o llo w  a x ia l c a n a l .
1 H y& lospongea) M iss  i s s ip p ia n
T h in  S e c tio n  P o r-1 5 -M X
2. P la n e  P o la r iz e d  L igh t X 125




1. S e c tio n  th ro u g h  s e v e r a l  s p e c im e n s  o f c o n o d o n ts , sh o w in g  s h a p e s  of 
ra n d o m ly  o r ie n te d  in d iv id u a ls .
D e v o n ia n , New Y ork 
T h in  S e c tio n  C o -2 -P N Y
P la n e  P o la r i s e d  U g h t X 16
2. T a n g e n tia l  s e c t io n  o f th e  s p e c im e n  in d ic a te d  w ith  an  a r r o w  in F ig u re  1, 
sh o w in g  th e  d e n s e , f in e ly  la m in a te d  c a lc iu m  p h o s p h a te  and w avy e x t in c tio n  
b e tw e e n  c r o s s e d  n ic o t s .
T h in  S e c tio n  C o -2 -D N Y
C r o s s  P o la r iz e d  l i g h t  X 50
3. R an d o m  ro c k  s e c t io n  sh o w in g  tw o c o n o d o n ts  (<'> in  c h e r t .  F ra g m e n t 
la b e lle d  (1)1 is  a d e r m o d e n t ic le .
D e v o n ia n , T e x a s  
T h in  S e c tio n  C o -3 -D T x
P la n e  P o la r iz e d  L igh t X 125
4. R an d o m  ro c k  s e c t io n  sh o w in g  th r e e  a m b e r  c o lo re d ,  " c lo th e s p in - l ik e ' ' 
co n o d o n ts  in s h a le ,
M ia s i s s ip p i a n
T h in  S e c tio n  Co ~ 4 -M X




V ertebrate Rem ains
1. T r a n s v e r s e  s e c t io n  th ro u g h  th e  c ro w n  of a  s h a r k 's  to o th , sh o w in g  th e  
v e s ic u l a r ,  bony d e n tin e  and  a d e n s e  r in d  o f e n a m e l,
C r e ta c e o u s ,  South  D ako ta  
T h in  S ec tio n  F i-1 0 -K S D
O rd in a ry  L ight X 8. 5
2 , T r a n s v e r s e  s e c t io n  th ro u g h  th e  c ro w n  of a  m o s a s a u r  to o th , sho w in g  
c o m p a c t,  f ib ro u s  c a lc iu m  p h o sp h a te  s u r ro u n d in g  a c e n t r a l  c a v ity  and a 
th in  b r ig h t  o u te r  r in d  o f e n a m e l.
C re ta c e o u s
T h in  S ec tio n  R e -3 -K X
O rd in a ry  U gh* X 8 .5
3 . S ec tio n  th ro u g h  s e v e r a l  ra n d o m ly  o r ie n te d  f is h  te e th  sh o w in g  a v a r ie ty  
o f s h a p e s .
D ev o n ian , O hio 
T h in  S ec tio n  F 1 -6 -D O
O rd in a ry  U g h t X 12
4 . S ec tio n  th ro u g h  s e v e r a l  s p e c im e n s  of ra n d o m ly  o r ie n te d  d e rm a l  p la te s ,  
i l lu s t r a t in g  sh a p e s  anti m ie r o s t r u e tu r e .  T h e  c o a r s e ,  c o n c e n tr ic  la m in a e  a r e
v is ib le  in  s o m e , bu t th e  ra d ia t in g  f ib ro u s  s t r u c t u r e  is  not v is ib le  a t  th is  
m ag n i fl c a t io n .
T h in  S ec tio n  
O rd in a ry  L igh t
D ev o n ian , O hio  




P la te  106 
V e r te b r a te  R e m a in s
1 . - 2 .  T r a n s v e r s e  s e c t io n  th ro u g h  th e  b a s e  o f a  s h a r k 's  to o th , i l lu s t r a t in g  
th e  v e h ic u la r  te x tu r e  o f  b o n e  m a te r i a l  and  u n d u lo e e  e x t in c tio n  o f th e  p h o sp h a te  
b e tw e e n  c r o s s e d  n ic o ts .
C r e ta c e o u s ,  New M ex ico  
T h in  S e c tio n  F1-5-K N M
1. O r d in a r y  L ig h t X 16
2 . C r o s s  F k ila r ire d  L ight X 16
3 . R an d o m  ro c k  s e c t io n  sh o w in g  a c o n c e n tr a t io n  of s i t i c i f i e d  b r a e h lo p o d s , 
v e r t e b r a t e  t e e th ,  b o n e  f r a g m e n ts  and c o n o d o n ts .
T h in  S e c tio n  
O r d in a r y  L ig h t
D e v o n ia n , T e x a s  
C o -3 -D T x  
X 12
i
P la te  106 
V e r te b ra te  R e m a in s
1 . - 2 ,  S e c tio n  n o rm a l to  b ed d in g  sh o w in g  ra n d o m ly  o r ie n te d  p h o sp h a tie  
v e r te b r a te  r e m a in s  in o r d in a r y  ligh t (H  and b e tw e e n  c r o s s e d  m ends (2).
A ll o f th e  d a r k  o b je c ts  in  (21 a r e  o rg a n ic  f ra g m e n ts  of c a lc iu m  p h o sp h a te . 
T h e  d a rk  o b je c ts  in (1) a r e  o rg a n ic  p h o sp h a te  c o a te d  w ith  h e m a t i te .  B - 
b o n e  m a te r i a l ,  T  * te e th ,  D « d e rm a l  p l a t e s . C onodon ts  and s m a l le r  te e th  
an d  p la te s  a r e  no t r e a d i ly  d is t in g u is h a b le  a t th is  m a g n if ic a tio n .
T h in  S ec tio n
1. O rd in a ry  L ight
2 , C ro s s  P o la r ! r e d  L ight
D ev o n ian , O hio 






O tto  P au l M a je w sk e  w an b o r n  in  In te rn a t io n a l  F a l l a ,  M in n e so ta  on  
S e p te m b e r  19, 1924 , t h e  a o n  o f th e  la te  A dam  M a je w s k e  an d  E m il ie  B ise h o f  
M a je w sk e . He a t te n d e d  p r im a r y  and  s e c o n d a r y  s c h o o ls  in  In te rn a t io n a l  F a l l s ,  
g ra d u a t in g  f ro m  F a lla  H igh S choo l in  1 942 . He e n te r e d  th e  A rm y  o f th e  U n ited  
S ta te s  in  1943 an d  w as  h o n o ra b ly  d i s c h a r g e d  in 1946 . In 1948 b e  e n te r e d  th e  
U n iv e r s i ty  o f M in n e s o ta  a t  M in n e a p o lis ,  M in n e s o ta , He r e c e iv e d  h is  B . A. 
d e g r e e  cu m  la u d e , in  1952 and  h is  M . A ,  d e g r e e  in  1953 . F ro m  1953 to  1966 
h e  w as  e m p lo y e d  a s  a r e s e a r c h  g e o lo g is t  b y  S h e ll D ev e lo p m e n t C o . (A D iv is io n  
o f S h e ll O il C o .) in  H o u sto n , T e x a s .  He a t te n d e d  R ic e  U n iv e r s i ty  in H ou sto n  on  
b o th  a p a r t - t i m e  and  f u l l - t im e  b a s is  b e tw e e n  1963 and  1967 . In 1967 h e  b e g a n  
h is  s tu d te a  to w a rd  a P h .D .  d e g r e e  a t  L o u is ia n a  S ta te  U n iv e r s i ty  in B a to n  R o u g e , 
g ra d u a t in g  in  J a n u a ry  , 1969.
He w as n o m in a te d  to  th e  N a tio n a l H o n o r S o c ie ty  and  Phi B e ta  K ap p a , As 
a n  u n d e r g r a d u a te ,  he w as  th e  r e c ip ie n t  o f a  So co n y  V acuum  S c h o la r s h ip .  He in 
a  m e m b e r  o f T h e  P a le o n to lo g ic a l  S o c ie ty .
In 1950 he. m a r r i e d  M a r ie  G u st P a lm e r ,  th e  w idow  of H a rv e y  E . P a lm e r ,  
w ho d ie d  in  th e  s e r v i c e  o f h is  c o u n t ry .  T h ey  h a v e  o n e  s o n ,  R ic h a rd  D . P a lm e r ,  
and  th r e e  lo v e ly  g r a n d c h i ld r e n .
EXAMINATION AND THC8I8 RETORT
Candidate: OTTO P . MAJEWSKE
Major Field: GEOLOGY
nth*ofThesia: RECOGNITION OF INVERTEBRATE FOSSIL FRAGMENTS IN ROCKS 
AND THIN SECTIONS.
Approved:
Major P rd ftso r u d  CKtlrmtfi
a .
IMmui at tbr G r»4ualr Sehaa)
EX A M IN IN G  COM M ITTEE:
IM Z k X t
D ate  of E xam ination:
  OCUlfcMM.il.  IShSi
